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EXECUTI[VESUMMARY 

The Budnet of the United States Government. Flscal Year 1992 contained a commitment 
to conduct risk-based budgeting pilot studies at several federal agencies. Tbe Office of 
Management and Budget (Om) requested that the U.S. Department of Energy (DOE) develop 
a risk- and costestimating process and apply it to subprojects within DOE’S Office of 
Environmental Restoration (ER). It is important to recognize that DOE budgets will be 
developed to assure that all legal requirements are fully met, independent of any risk-based 
met hdology. 

OMB requested that the risk- and costestimating methods developed be tested in a pilot 
study of 24 subprojects witbin ER. Tbe pilot study would rank the subprojects and remedial 
cleanup alternatives based on risk and risk reduction per dollar spent. OMB specified that health 
risk was to be determined based on risk to members of the general public as well as risk to 
remedial workers. Cost was to be determined based on the lifetime cust of implementing the 
remedial alternative at the sites. 

In response to OMB’s request, ER formed a risk team to estimate basehe  health risk and 
risk reductions, and a cost team to develop and implement a process for estimating the costs of 
remedial actions. An important OMB requirement was for DOE to develop risk and cost 
estimates in as consistent a manner as possible given the many different remedial sites, 
environmental settings, and types of contamination within the DOE ER Program. 0- also 
required the use of a single method for risk estimating, a single process for cost estimating, and a 
consistent set of assumptions in order to achieve consistency in estimates. 

OMB requested that for each subproject, the health risk and cost of a no-action 
alternative and three remedial alternatives were to be estimated. The 24 subprojects were to 
represent a wide variety of environmental settings and include subprojects containing various 
forms of remedial work within the ER Program. OMB further requested that the study include 
subprojects involving a wide range of waste release mechanisms. Fmally, it was necessary to 
include sites that encompass various stages of characterization and contain environmental and 
source term data of different levels of quality readily available for deveIoping risk estimates at the 
subproject level. Representatives of DOE and OMB visited each of tbe affected installations and 
briefed them on the nature, scope, and process of the study. Each installation was encouraged to 
critique the effort and to provide suggestions for improvement. In addition, each installation was 
requested to provide the most up-todate documentation relating to subproject-specific risks and 
costs, as well as a best estimate of remedial alternatives most suitable for a particular subproject. 

The human health risk-estimating mode1 was chosen after a review of the riskestimating 
models available to DOE In order to meet OMB’s desire for consistency in health risk analysis, 
the selected code must be capable of modeling the many M e r e n t  disposal methods, 
environmental settings, waste streams, release mechanisms, and remediation methods represented 
in the DOE complex. It was necessary to choose a code that eathated totaf population risk in 
addition to individual risk and provided realistic estimates of risk rather than upper bound 
estimates. Finally, because of the short period of tbe study and the extensive modeling necessary 
to estimate baseline health risk and risk reduction at 24 disposal sites, it was necessary to choose a 
model that had a pre-existing data base of environmental parameters relating to DOE 
installations. As a resuft, DOE and OMB agreed that the Multimedia Environmental Pollutant 
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Assessment System (MEPAS) would be used to estimate risk and that the study would serve as an 
evaluation of MEPAS. 

The study found that MEPAS generally provides an adequate and objective evaluation of 
population risk, but several improvements are  needed. Tbe environmental transport portions of 
MEPAS are similar in construction to models recommended by EPA and the U.S. Nuclear 
Regulatory Commission (NRC). When applied to well characterized sites, MEPAS appears to 
produce results similar to those obtained during the Remedial InvestigatiodFeasibility Study 
(RI/Fs) risk assessment process. The major difficulties with MEPAS for the present application 
are (1) under certain circumstances, MEPAS does not adequately estimate environmental releases 
of contaminants from the waste units, and (2) MEPAS cannot directly simulate certain remedial 
action alternatives, including Capping and pumping of ground water. 

The study predicts time-dismunted baseke population risks ranging from zero to seven 
fatalities (over 7,000 years) per subproject within this 24 subproject analysis, with 83 percent of 
the sites having a predicted baseline population risk of less than one fatality. The predicted risk 
reduction achieved through remedial action varied considerably from complete reduction at some 
sites to a net increase in risk at others. The average cost of remedial action is predicted to be OD 
the order of $100 million. As illustrated in Table 4.3(a), the predicted cost per discounted fatality 
avoided through remedial action is equal to or  greater than $100 million at over half of the sites 
where remedial action reduces the number of predicted fatalities. 

The primary conclusion of the study, as detailed within the report's tables and associated 
narrative, is that projected population and average individuat risks over 7000 years from the 24 
subprojects are small. Furthermore, risks associated with remediation of the 24 subprojects are 
generally comparable to existing baseline levels of risk to the surrounding populations. Thus, in 
many cases, the number of deaths in the worker population involved in remedial action is 
projected within this pilot study to be equal to or greater than the number of deaths avoided 
(through the  implementation of currently available remedial alternatives) in the surrounding 
population over 7000 yeas. Another finding of the study is that worker risk associated with 
remediation results primarily from occupational accidents during the remediation process rather 
than from radiation exposures. These last two findings may not be generally applicable because of 
the pilot study's small sample and restricted scope and the limitations of currently available 
remediation technology and information from site characterization. However, these findings alert 
DOE to the need to continue to carefully assess projected occupational risks of proposed 
remediation alternatives and take measures to reduce them. 
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1. INTRODUCI'ION 

1.1 BACKGROUND 

The Budget of the United States Government, Fscal Year 1992 contains a discussion of 
Risk Management Budgeting. The 1991 Risk Management Budgeting Initiative section identifies 
11 pilot programs to use Risk Management Budgeting in developing the 1993 budget- The US. 
Office of Management and Budget (Om) requested that the U.S. Department of Energy (DOE) 
deveIop a health risk-and costestimating proxss that could be used to evaluate DOE subprojects 
within the Environmental Restoration (ER) Program. OMB directed DOE to test this process in 
a Pilot Study involving 24 ER Program subprojects and further required that the subprojects be 
ranked by risk, and the remedial cleanup alternatives be ranked by risk reduction per dollar spent. 

In response to this request, OD June 10,1991, DOE formed two separate teams to 
evaluate risks and costs at selected DOE ER subprojects. The risk team was organized to 
deveIop and impkment a process for estimating (1) tbe baseline health risks of selected DOE ER 
subprojects, (2) the health risk reduction as a result of remedial activities at these sites, and 
(3) the health risk to workers directly involved in cleaning up the sites, Population baseline 
health risk and heatth risk reduction were to be measured as the total cancer-related fatalities 
surrounding the facilities. Health risk to workers was to be measured as the risk of fatality to 
remediation workers from occupational hazards and from radiation dose during remedial activities. 
Health risk to remediation workers due to chemical exposure was not modeled because it was 
determined that adequate healtb and safety measures wodd be implemented as a result of 
required health and safety plans to protect workers from chemical exposure. During the risk- 
estimating process, the risk team was directed to evaluate the methods used in developing risk 
estimates. The cost team was directed to evaluate, seIect, and implement a cost-esthating 
method and to use that method for estimating the total lifetime cost of remedial actions at waste 
disposal sites. 

A single method for risk estimating and a single process for cost estimating was used to 
achieve consistency in estimates; this supported the use of a consistent set of assumptions for all 
sites and conditions. In addition, the same team members were used for risk and cost analyses in 
order to achieve consistency. 

13 SCOPE ANXI ORGANIZATION OF REPORT 

This report descn'bes the process used to conduct the paot study. As requested by OMB, 
the report also inciudes recommended mc.Ktifications to that process. Evaluation results of the 24 
selected DOE ER Program subprojects are presented dong With the study's major assumptions. 
In addition, the report contains a detailed description of the hplementation process for each of 
the subprojects. 

This report is divided into five major sections and includes two appendices. An executive- 
level summary provides the primary conchisions of the Pilot Study. Section 1 contains a review of 
the background of this project, a description of the report's methodological framework, and a 
description of how the 24 subprojects were selected. Sections 2 and 3 present a detailed 
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description of the risk- and owtesthating models used in the study and the major assumptions 
contained within the models. Section 4 presents a summary of the analytical results of the study. 
Section 5 presents the conclusions and recommendations o E e r d  by the study’s participants. 
Appendices A and B present detailed descriptions of the subprojects and the detailed analytical 
data in the study. 

1.3 METHODOLOGICAL FRAMEWORK 

Estimates of health risk and cleanup costs for ER subprojects are subject to considerable 
uncertainty, especially h the early stages of a subproject’s life history. Because some sites are 
fully characterized (through the Remedial XnvestigatioaflFeasibility Study stage), whereas other 
sites have not yet been characterized, the quality of data used to generate the risk estimates 
varied considerably from site to site, The risk numbers as presently constituted should not be 
used to distinguish differential risk between s p S c  sites, but rather to make broad site groupings 
with respect to risk. 

n e  cost estimates include direct cwt, such as field labor or sampte analysis, indirect cost, 
such as contractor overhead and profit, and contingency with variabifity at each level. The cost 
risk factors that contribute to contingency are many and complex, and the contingency represents 
an allowance for omissions from the estimate attniutable to incomplete design or unknown 
conditions, but does not provide for additional work not in the original scope of the project, such 
as the cleanup of an additional area. The contingencies included in cost estimates prepared for 
this study are based on professional judgement and follow guidance on this subject issued by 
DOE, including the Environmental Restoration and Waste Management Cost Assessment Team, 
Cost Estimating Handbook for Environmental Restoration and guidance issued by the DOE 
Director of Independent Cast Estimating. The probabilistic nature of risk, project management 
risk in this Case, semes to emphasize the importance of recogaizing that mst estimates are better 
expressed as a range of values than as point estimates. 

1.4 SITE SELECTION METH0DOu)GY 

OME? specifically requested that the subprojects chosen for this study be representative of 
the remedial activities within the DOE ER Program. As a result, some of the subprojects had 
completed feasibility studies (FS) while others had not begun remedial investigations (RI). 
However, in all cases some characterization data were available. In addition, because of the 
representative sample, subprojects determined by site characterization to contain no risk were also 
included in this study. 

The process of seIecting the 24 DOE ER Program subprojects was closely tied to the 
choice of the riskestimating model, the pmpc3sed ER Program Work Breakdown Structure 
(WBS), and the amount of time available to complete the project The risk-estimating model 
selection process is described in Section 21. XO order to complete the e€€ort by October 1, 1991, 
tbose subprojects within the proposed ER Program Was that resembled projects modeled during 
the Environmental S w e y  and tbat were aligned with existing Activity Data Sheets for those ER 
remediation activities were considered first. 
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Subprojects within the U d u m  MU Tailings Remedial Action (UMTRA) Program, 
Remedial Action subprojects, and Decontamination and DecommisSioniag @&D) subprojects 
were also included in this study. To further meet Oh33 requirements, the subprojects were 
selected to reflect various enviramental settings, waste release mechanisms, and wasre types. 
Subprujects from both the eastern and western portions of the country, and those located in and 
and humid climates were included. In addition, Eqdd releases as well as landfills and residual soil 
contamination sites were included 

The final list of subprojects included in this study is: 

1. Operable Unit 1 of the Fernald Environmental Management Project 

2 Operable Unit 4 of the Femald Environmental Management Project 

3. Site 300, Pit 6 at Lawrence Livermore National Laboratory 

4. Site 300, Building 834 Complex at Lawrence Livennore National Laboratory 

5. F&N Area Seepage Basin(s) at Savannah River Site 

6. New TNX Seepage Basin at Savannah River Site 

7. M Area Settling Basin at Savannah River Site 

8. Sanitary Landfill Closure at Savannah River Site 

9. Waste Area Grouping 6 at Oak Rjdge National Laboratory 

10. Bear Creek Operable Unit 4 at Y-12 Plant, Oak Ridge 

11. Pond Waste Management Project at K-25 Plant, Oak Ridge 

12. Building 92014 (Alpha 4) D&D at Y-12 Plant, Oak Ridge 

13. 800 Area Landfill at Argonne National Laboratory, East 

14. 570 Holding Pond at Argonne National Laboratory, East 

15. Liquid Waste Process Area D&D at Argonne National Labra toy ,  West 

16. BORAX-V Facility D&D at Idaho National Engineering Laboratory 

17. LcapRE Reactor D&D at Los Alamos National Laboratory 

18. Miami-Erie Canal at Mound Plant 

19. Area B Ground Water at Mound Plant 

I 
i 

20. Fuel Oil Spill at Sandia National Laboratory, Livermore 
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21. Navy Landfill at Sandia National Laboratory, Livermore 

22 Nonradioactive Dangerous Waste ?.,and€iU at Hanford Site 

23. Gunnison, Colorado, UM"RA Program Site 

24. W e ,  Colorado, IJMTRA Program Site 

The subprojects are briefly d e s c n i  in Section 4 along with the analytical results of the 
risk and cost evaluations. A detailed description of each subproject, the assumptions, and 
analytical results are presented in Appendices A and 13. 
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2. RISK ESTIMATION 

2.1 POPULATION RISK MODEL DESCRIPTION 

This section discusses the selection of a process for estimating public health risks 
associated with hazardous waste sites at DOE facilities. Because of the extreme variability in 
DOE remediation activities and the lack of complete site characterization data, the process must 
be flexible and capable of providing realistic risk estimates with moderate data requirements. 
Time constraints negated the possibility of developing new models or making extensive 
modifications to existing ones. The basic requirements of the risk-estimating process are that it be 
able to (1) account for a wide range: of waste release mechanisms, (2) evaluate the environmental 
transport of both chemicals and radionuclides, (3) estimate both individual and population risk, 
(4) quantify risk reduction resulting from remedial intervention, and (5) meet these requirements 
with limited site characterization data. 

2.1.1 Risk Computation Models 

A range of models is potentially available to make risk-related decisions relative to 
environmental restoration activities a t  sites contaminated with hazardous wastes. Figure 2.1 shows 
the relationships between dinerent models relative to data requirements and uncertainty in 
estimated risk levels. The initial decisions about a site can be based on basic risk models that 
require little prior knowledge of the site. As more information about the site is obtained, more 
detailed models are typically used in the decision-making process. 

2.1.1.1 Screening Models 

Screening models are general priority models that can be implemented with general 
information that is available before any detailed site characterization efforts have been conducted. 
This class of modeb often uses a value-based logic system to separate high risk situations from 
low risk situations. As noted in Figure 2.1, estimates from screening models tend to have the 
greatest uncertainty. The Hazard Ranking System QTRS) model as promulgated by EPA is an 
example of this type of model. EPA states that the H R S  score is not designed to give real health- 
based risk information, but instead is used to determine if a site is to be included on the National 
Priority List (NPL). 

2.1.1.2 Ranking Models 

Ranking models are priority models that require an intermediate level of site information. 
These models differ from data-intensive detailed models h that they require less site-specific data 
and less knowledge of the scenarios to be modeled. Ranking models must bcorporate sufficient 
detail to be capable of a realistic evaluation of the range of situations and problems required by 
that application. Often the same models can be applied for ranking and detailed analyses. 

The Defense Priority Model @PM) developed by the US. Department of Defense 
(DOD) is a ranking model using value-based logic. However, most ranking modek utilize a 
physics-based approach with potential exposures computed using a transport and uptake model 
that accounts for constituent, site, and receptor properties. 
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MORE UNCERTAINTY 

RISK 

LESS I J N C E ~ T ~  <- General - Approximate Site --- DetaiIed Site -> 
Problem Characterization Characterization 
Information 

<- Broad Range ----- Wide Range ---- Narrow Range -3 

of Situations . of Problems of Applications 

Figure 2.1. Categorization, screening, and detailed risk models. 

DOE has developed a ranking level model, the Multimedia Environmental Pollutant 
Assessment System (MEPAS), for providing input to ranking applications based on pubiic health 
risk @roppo et al. 1990). MEPAS is a physics-based exposure pathway computation system that 
was used in DOE’S Environmental Survey (DOE 1988). With MEPAS, approximate risk levels 
can be computed over a braad range of environmental problems involving different typa of 
contaminants. 

2.1.13 Detailed Models 

Detailed models are models that require extensive site characterization data. Such models 
tend to focus on site-specific problems. EPA provides models covering a wide range of regulatory 
issues including the U N I M A P  series for air emissions, ground water models (e.g., AT123), 
nonradioactive exposure asswment models (e.g., GEMS), and radioactive exposure assessment 
(e.g., AIRDOS). The U.S. Nuclear Regulatory Commission (NRC) provides a similar set of 
models for evaluating releases from commercial nuclear power plants. DOE has devefoped 
several models, including RESRAD, that can be used to evaluate human exposure to 
radionuclides through various environmental pathways. In addition, many of the major DOE 
facilities have site-specific mod& for assessment of public exposures from radioactive material 
releases. 

Although a detailed model can prwide the best estimates of risks associated with 
remediation activities, these models are generally not appropriate for generating risk comparison 
data over a broad range of problems. First, detailed applications often require data that is not 
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available for many sites. Second, a large number of models would be required to a v e r  the broad 
range of environmental settings and hazardous waste problems encountered at DOE sites. 

2.1.2 Selection of Approach 

Given these considerations, the risk team decided that the needs of the pilot study would 
best be met by a ranking model. Of the ranking models available, MEPAS was judged the best 
choice for generating the subproject-level risk data in the piIot study. Time constraints negated 
the possibility of developing new mod& or  making extensive modifications to existing ones. 
MEPAS was the only physics-based model by which computations could be made over a broad 
range of environmental problems involving both chemicals and radionuclides. FmalIy, the 
environmental transport portions of MEPAS are similar in construction to models recommended 
by EPA and NRC. 

MEPAS had been used earlier by the DOE Office of Environment, Safety and Health 
during the Environmental Survey Program (DOE 1988) to evaluate and rank environmental 
problems at 36 installations within DOE As a result of this program, a Iarge data base of 
environmental setting and population exposure data was readily available for use in this study. 
These data had earlier been reviewed by the affected installations. The existence of these data 
and the past involvement by the installations with MEPAS supported the choice of MEPAS in 
this pilot study. 

2.13 MEPAS Application Assumptions 

MEPAS is a collection of computer codes designed to quantitatively evaluate (1) release 
of contaminants from waste units, (2) environmental transport of contaminants to hum,an 
receptors through air, ground water, surface water, and the food chain, and (3) resulting cancer 
risk The computer implementation of MEPAS contains many implicit decisions, such as time 
discounting of health effects and equivalencies between carcinogenic and toxic chemical risk 
factors. The short time frame of the study precluded a detailed review of these assumptions by 
DOE. Instead, the pilot study was conducted within the constraints of the current version of 
MEPAS, relying on many of the application assumptions used during DOE’S Environmental 
Survey (DOE 1388). 

Every effort was made to use site-sperific environmental transport parameters during the 
application of MEPAS. However, site-specific parameters were ofien unavailable, and generic 
parameters were used. Exposure scenarios and toxicity parameters provided by MEPAS are 
beIieved to reflect current EPA policy and toxicity values. Although the Biological Effect of 
Ionizing Radiation (BEIR) V report contains tbe National Academy of Science’s most recent risk 
conversion factors recommended €or use in converting low Linear Energy Transfer OLET) 
radiation doses to risk, the version of MEPAS available at the time of this study uses a risk 
conversion factor derived by EPA A federal interagency committee is presently reviewing BEW 
V in order to establish a federal consensus for the application of BEIR V recommendations. 
However, it is not anticipated that their recommendations will differ significantly from the dose to 
risk conversion factors derived by E P A  Future revisions to MEPAS are expectd to u t h  the 
consenssus recommendations of the interagency committee, 
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2.13.1 Single Index For Ranking 

OMB specified that health risk was to be determined based on risk to members of the 
general public as well as risk to remedial workers. Both population risk and risk to remedial 
workers during remedid action are measured in fatalities. 

2.1.32 T h e  of Impact 

For each constituent, MEPAS prw-des information on the time of first arrival, time of 
arriva! of peak concentrations, and duration of exposure at the receptor location. MEPAS also 
provides detailed tables of environmental constituent cancentrations as a function of time at the 
receptor. These parameters described the distriiution of contaminant arrival at a receptor. 

h3EPAS computes major health eff- for consecutive average 70-year time periods for a 
total of 100 time periods (i.e., 7000 years). Seventy years is assumed to represent a typical 
lifetime of an individual. MEPAS has the option of considering a the-weighting factor that 
reduces the magnitude of the health impact exponentially with a half-life of 70 years for every 70- 
year time interval beyond the first time interval. 

2.13.3 Contaminant Degradation 

For this study, the assumption was made that no nonradioactive transformation or 
degradation of chem*caI contaminants occuf;ted In cer tah situations, the degradation of a 
chemical may result in a decay product that is more toxic than the parent. MEPAS allows the 
option of degradation of chemicals and, when rates are known, the degradation of chemicals 
should be included in future applications when site data on the expected degradation rates are 
known. Radioactive decay is considered in the MEPAS d e s .  

2.13.4 Worker Dose Computation 

In this pilot study, the impacts fiom occupational exposures were computed separately. 
Although with minor modifications MEiPAS has the capability of evaluating long-term worker 
exposures, the short time period of the study precluded the use of MEPAS in this capacity. 

2.1.3.5 Remediation Activity Risk Assessment 

The current version of MEPAS was not designed to be a tool for estimating risks 
associated with possible remediation activities. Although most cases should be able to be 
simulated, some limitations are to be expeztd Modifications are planned €or an upgraded 
version of MEPAS to facilitate the consideration of remediation efforts. 

2.1.3.6 Future ]Land Use 

The analysis in the pilot study assumes that d t h g  conditions will remain static into the 
future. No allowance is made for future climate, land-use, or population changes. 



2.2 WORKER RISK METHODOLOGY 

2.2.1 Dose Assessment 

With the exception of the no-action alternative, worker Qcposure may occux while 
performing tasks associated with remediation alternatives. To assess potential worker exposure, 
the remedial alternatives were divided into specific activities. For example, a remedial alternative 
may include excavation, treatment, backfill, and cap. Worker e;xprzsure would be estimated 
according to each task (e.g., excavation). 

The primary radiological pathways evaluated in this study were direct radiation and 
inhalation. hgestion of contaminants is not considered as dominant a pathway as the previously 
described pathways for workers, but ia some cases may contribute to dose. chemical exposures 
were not addressed in this pilot study because it was decided that chemical exposure would not 
occur once the required health and sdety plan was implemented at each site. Fatalities resulting 
from occupational accidents during general construction operations were included. 

2.2.2 Direct Radiation 

Direct radiation exposure requires the calculation of worker exposures by taking into 
account source-to-receptor distances, number and type of shielding materials, and source 
geometry. Microshield, a microcomputer adaptation of ISOCHLD, is the code used to analyze 
the shielding of gamma radiation and estimates exposure rates at the receptor ( a w e  1988). The 
code contains 14 source and shielding configurations, with 10 different source geometries. 

The source-to-receptor distances will vary among workers and often with remediation task. 
For the laborers, the source-to-receptor distance was assumed to be 1 meter, unless the activity 
required closer distances (ee.g., handling of drums). Heavy equipment operators 
source-to-receptor distances were based on equipment type and dimensions, if available, or it was 
assumed that the operator was located approximately 2 meters b r n  the source, and shielding of 
%-inch-thick steel .was also assumed. In some cases, the contn%ution to the worker exposure was 
calculated from the contents of backhoe or f h n t  end loader buckets. The type of equipment and 
information given in tbe site reports were used to estimate the exposure rates. 

The number of workers and duration of exposure were multiplied by the calculated 
exposure r a t a  and by a factor of 0.75 used to convert expctsure rate to effective dose-equiualent 
(Chen 1991, ICRP 51). This product yields the cumulative dose to the workers for the specific 
alternative. 

2.2.3 Inhalation 

The inhalation pathway wntriiutes to worker dose, particularly during earth-moving 
activities. In other cases, inhalation may be a pathway when waste is in particulate form and 
becomes airborne. A resuspension factor of 0.0005 grams per cubic meter was used to account 
for the amount of respirable particles that may be airborne during earth-moving activities and 
assumes dust suppression (e.g., wetting) is Occurring (DOE 1986). me breathing rate was 
assumed to be 20 liters per minute, and the exposure duration is contingent on the project 
duration for that specific worker. The total radionuclide intake (microCuries) was then multiplied 
by tbe effective dose conversion factor to yield worker effective doses. The total number of 
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workers with specific doses was summed to give the inhdation cumulative dose for a remedial 
alternative. 

23.4 Risk Assessment 

The estimated cumdative doses attriiuted to direct radiation were multiplied by the 
life-time low-LET fatal cancer risk factor of 4 x 1OYrad (EPA 1989). The inhalation cumulative 
dose was either multiplied by the low-L;ET radiation risk factor or by the alpha emitter life-time 
fatal cancer risk factor of 3.1 x 10'Yrad (EPA 1989). 

Fatalities associated with general construction are also included in the risk estimates for 
those alternatives that may require construction-type activities. An estimate of general 
construction fatality was calculated by determining total man-hours per alternative and multiplying 
by a risk factor of 5 x lO'han-hour @OE/FupC 1990). 

For cases in which off-site transportation OCCUIS, the driver fatalities were estimated by 
determining the total number of miles (trip number x miles round-trip) and multiplying by a 
transportation fatality risk factor of 2.1 x 10g/mile oEflFMf)C 1990). 
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3. COST ESTIMATION 

3.1 COST MODEL DESCRIPIION 

3.1.1 Basis of Selection 

Tbe nature of this study requires a costestimating method with both consistency and 
flexhiiity. Consistency is required to ensure that the a t  estimates for the alternative a n  be 
compared to the others. Flexibility is required to address the broad range of contaminants, 
remedial technologies, geographic locations, and regulatory hrameworks that exist for each 
subproject. The costestimating method used for this study was selected after a careful evaluation 
of currently available techniques and methods, including a broad range of computer models. This 
review considered the requirements of this study together with the results of reviews conducted by 
others addressing topics such as model accuracy and validity. 

The need ta accurately estimate hazardous waste cleanup costs has led to the development 
of several computerized costestimating took and models. The development of these tools has 
been sponsored by EPA, DOE, DOD, and inkreasingly by private industry. The models in current 
use were evaluated to determine which best meet the requirements of this study. 

The two basic wderIying methodologies used for the cost-estimating tools considered €or 
use in this study were detailed methods and parametric approaches. Most of the tools examined 
use a detailed approach by relying on unit cost data bases for estimating costs. These programs 
access and extract information from the cost data base and modify the data to create an estimate, 
Cost modules are built from this process and, when aggregated, form the cost estimate. The 
programs allow the user to manipulate or modify the cost a t h a t e  data base by changing key cost 
parameters or default values for a site. Tbe models differ in data base complexity and structure, 
with some offering the user complete access to all unit costs and others offering no access at all. 

By contrast, several of the tools rely on the historical costs of previous remediations to 
build parametric cost relationships. These methods link cost and schedule outcomes using 
parametric statistical techniques such as correlation, as well as simple and multiple regression. 
Figure 3.1 underscores that while both estimating approaches start with historical costs, the 
detailed method uses historical costs to build a unit cost data base. Conversely, with the 
parametric approach, the expertise for cost-estimating projects is embedded in the models, using 
formulae to calculate the cost based on the measure of work to be performed. 

There are three major classes of waste at DOE sites: hazardous chemical wastes, mixed 
chemical and radioactive wastes, and radioactive wastes. The selection of a costestimating 
method for this study began with a comprehensive s w e y  of the took available for application. 
One of the first requirements was that the tool be capable of anaj?ling the full spectrum of waste 
types encountered on DOE environmental projects. Since the majority of the tools examined in 
this report were built for EPA, only five of the toals have the ability to estimate ca ts  on projects 
invohhg mixed or radioactive wastes (common on DOE sites), and three of these are under 
development. Figure 3.2 o r g h  the tools by the class of contaminants addressed. Tools listed 
in Figure 3.2 that are marked with an asterisk are under development and have not been released 
for EUU use. 
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Figure 3.1 summarizes the classification of the took Several tools, such as the Removal 
Cost Management System (RC'MS), 'WET, and L,LM, were not selected because they did not 
produce full cost estimates as output, The HAZRISK mudel develops an estimate only of the 
contingency and, furthermore, is undergoing peer review at this time and is not yet wadable for 
broad application. Thus, these models were eliminated from further consideration, 

This study required the evaluation of sites invoking mixed and radioactive waste as well as 
the need to use a single, consistent approach to dl cost estimates. Additionally, this study only 
considered those modeb that have been validated or otherwise accepted and released by their 
authors for use on environmental projects. These requirements eliminated those took suitable for 
use only on hazardous waste and those models listed in Figure 3.2 that are marked with an 
asterisk The imposition of these criteria identified FAST and COSTFRO as the only models that 
are both fully developed and flsn'ble enough to evaluate the range of conditions represented by 
the subprojects chosen for this study. 

O&M costs 

Figure 3.1. Classification of tools for nonradioactive materials. 

, 
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I J I J I J 

LLM I J I I 
M-CACES' J 

WET 4 

RACES* J 

RAAS J J J 

RCMS J 

J 

I J J COSTPRO J 

TRAC-ER* J J J 

* Under development 

Figure 3.2. Classification of tools by contaminants addressed. 

COSTPRO is a generic costestimating system that can be used to prepare cost estimates 
on projects from the planning stage through detailed design. Tbe code is a complete PC-based, 
commercia1 rewrite of the Los Afamos National Laboratory's mainframe cost-estimating system 
and, by virtue of its origin, is particularly well adapted to preparing estimates for DOE projects. 
One of the strengths of the system is its ability to manage up to four different work breakdown 
structures simultaneously without re-enterhg the basic a t e t i m a t e  takeoff data. Thir is 
particularly helpful in instances where multiple format reporting may be required or where 
reporting requirements are not known in advance or can be expected to change mer the life of 
the project. 

The model creates two basic files: (1) a takeoff file, which contains alI quantities and 
direct costs, and (2) a factors We, whjch contains indirect cost factors, work breakdown structure 
codes, and estimate notes. Contingency scenarios can be mahated using a flag to select or 
delete particular estimate items, alIowkig consideration of multiple alternatives. 

The model has a data base manager that allows the user to build custom data bases and to 
use data bases created by others such as C A W ,  which has been established by the Army Corps 
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of Engineers. Data bases can be shple,  such as a list of labor rates or bulk material prices, or 

monitoring well. 
.compIex, such as assemblies of labor, material, and equipment required for constructing a 

The Freiman Analysis of Systems Techniques (FAST) models are a set of parametric 
costestimating tools oriented towards order-of-magnitude estimating. The models provide a 
framework for assessing costs when there is Wted project design information and few 
precedents. There are six FAST models, but for environmental restoration projects, the 
equipment model (FAST-E) and the construction model (FAST-C) are the most appropriate. For 
operation and maintenance, the Cost-of-Ownership model, FAST-CO, is appropriate. FAST-E is 
a PC-based equipment-esthating model that uses a combination of seven technology types 
(electronic, electrical, heat, motion, mechanical control, containment, and support) to characterize 
a piece of equipment. Performance requirements can be specified (e-g., volume of vessels, length 
or weight of cable, etc.). The inputs permit the "expression of the fundamenta1 parametric 
relationship among cost, weight (which can be input or calculated by the model), and 
technological complexity" in a computerized mathematical equation. For environmental 
restoration projects, the following may be suitable for analysis by FAST-E (1) glove-box 
decontamination and decommissioning projects, (2) the removal of large pieces of equipment, or 
(3) a cost estimate of process equipment, sucb as incinerators. FAST-C is a computerized model 
for caiculating the costs, schedules, and risks of all types of civil engineering projects and is 
cunentry being converted from a mainframe to PC-based. Complexity values are used to account 
for the various conditions that cause cost variations. The FAST-C models take into account the 
following factors: economics, economies of scale, site productivity indices, environmental 
conditions, operational use of buirdings, year of technology, and factor data Environmental 
projects that include movement of soils or that involve any structural activities could use the 
FAST-C model. 

The FAST models are flexile, permit effective costing of design as well as connective and 
support systems, and provide a measure of m t  risk appropriate at the preliminary design stage 
and relevant to conventional construction conditions. The FAST models, however, do not include 
data on specific cost aspects of projects and must be calibrated by the user based on historical (or 
estimated) mt of at least one project that is similar to the project the user is estimating. To 
date, no formal documentation exists on the use of the model for environmental restoration 
projects. 

The cost team for this study has extensive experience working with both FAST and 
COSTPRO. The FAST models were eliminated from consideration because of the difficulty of 
using existing cost estimates in the model, a lack of comparable data with which to calibrate the 
model, and the lack of documentation on the model's appiicability to environmental projects. 
While the open architecture of the model provides the flexibility to address the range of 
conditions present in this study, the computational nature of the model, which involves 
proprietary algorithms, would make use of site-specEc a t  data difficult. 

COSTPRO was selected because it not only bcorporates the open architecture needed to 
evaluate the range of waste types and remedial technologies required for this study, but also 
allows the use of unit c a t  data and cust relationships for each subproject without sacrificing 
speed or ease of use. 
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3.1.2 Costest hating Methodology 

The first step in developing the cost estimates for this study was the identification of the 
subprojects to be included. This entailed establishing contact with the appropriate field or project 
office and requesting documents such as Conective Measures Studies ( C M S )  for remediations 
conducted under the regulatory authority of Resource Comemation Recovery Act (RCRA), 
Feasibility Studies for remediations conducted under CERCLA, or planning studies prepared for 
D&D projects. The total body of technical and cost data was then reviewed with regard to the 
purposes of this study. Technical reports prepared for consideration in the regulatory process 
often contain cost estimates as part of the alternative evaIuation process. In some cases, the cost 
estimates provided in these documents were s u m m d  and lacked the detail needed for this 
study, aad supporting documentation must be examined. E the technical data lack detail on the 
scope of alternatives or if fewer than three viable alternatives are identified, additional 
engineering was necessary. Even when the site had identified three viable alternatives, additional 
data was required for this study. For example, it was often necessary to prepare a more detailed 
description of the remedial Geld work including identification of the field labor levels and 
exposure conditions so that worker risk could be modeled 

When the information provided by the field included cost estimates, those estimates were 
reformatted in the COSTPRO system for use in this study. Ideally, this consisted of a simple 
transcription. A technical review of the data was conducted to verify that the cost estimate was 
reasonable and complete in areas such as indirect cost, contingencies, and completeness of scope. 
The objective of this review was to ver@ that cost estimates used in this study were prepared on 
a consistent basis to facilitate cornparison among estimates, When cost estimates were not 
available from the field office, estimates were prepared by the cost team. 

Cost estimates were prepared using the COSTPRO system for the 24 subprojects in this 
study, including the no-action alternative and three remedial action alternatives. This system 
provides the identification of direct costs such as labor, including the impact of personal 
protective equipment on productivity, labor fringe benefits, and supenision, as well as material 
costs. The capital cost and operating cost associated with major treatment processes, such as 
vitrification facilities, were estimated separately. Costs for activities such as treatment or disposal 
that are paid to off-site contractors were estimated as a unit cost based on the quantity of 
material involved. 

A product-oriented Work B r e a k d m  Structure (WBS) was used to organize the: estimate. 
This faciIitated comparison of estimates and reduced estimate preparation and review time. The 
first level of the WBS is the subproject; each subproject is numbered from 1 to 24 and 
corresponds to the 24 subprojects identified for this study. Tbe second he1 of the WBS for this 
study is tbe arternative number, which ranges from 0 (the no-action alternative) to 3 (the third 
remedial action aIternative). The third level of the WBS differentiates between construction, and 
operation and maintenance. Within each of these accounts, such as construction, tbe work js 
separated into distinct elements including excavation, transportation, treatment, and disposal. 
The use of common cost elements within alternatives €or a particular subproject dows cost data 
for activities common to all alternatives, such as su~veillance and maintenance, to be entered only 
once for each subproject. These data were then reused for other alternatives within the 
subproject when appropn'ate. 
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Indirect costs include rtfl activities that cannot be identified with a particular end product 
such as general and administrative overhead and fee. These costs were usually recovered as a 
percentage of the direct cost and were displayed separatefy Erom direct cost using COSTPRO and 
described in the estimate Criteria. 

Other cost elements that were estimated as a percentage of direct c a t  include escalation 
and contingency, each of which was tabulated separately in the COSTPRO system. Escalation is 
an amount added to a cost to represent the cost of the underlying element if purchased at some 
date in the future. Although the escalation rates used For such calculations are subject to 
interpretation, a consistent approach was used to d a t e  these amounts to represent the cost at 
any particular date. All costs used in this study are stated in 1991 dollars. 

Contingency is an amount added to estimates to anticipate potential budget needs €or 
work that was in the scope of the subproject but not cwered by the base amount before 
application of contingency. All cost estimates prepared for this study include a contingency that 
has been estimated in a consistent, traceable manner following an established methodology. ?he 
factors considered when developing contingency include uncertainty in the estimated quantities, 
economic conditions, uncertainty in unit costs, the potential €or design deveiopment such as 
technological refiaement, and minor modiGcations within the scope of the project. Contingency 
was not used to provide for scape additions, such as additional waste a r m ,  beyond those in the 
originaI scope. 

Cost estimates prepared far this study estimate contingency using either the CostRisk 
model or use the contingency assigned by DOE at the Field Office level. The CostRisk model 
provides for the evaluation of proven risk factors such as design completeness in terms of 
importance and risk (likelihood of an unfavorable outcome). The results are cam'ed forward to 
COSTPRO and displayed separately from the cost before contingency. 

The cost estimate for each alternative is included in &pen& B of this report. A worker 
risk table was prepared on the basis of the a t  estimate and summarizes the amount of 
occupational exposure in labor hours together with the conditions under which the worker is 
exposed. This information is not presented h this report but is used as input to the risk model to 
calculate exposure of the work-force during remediation, 

Whenever possible, the estimates prepared for this study were based on site-specific data 
developed by DOE However, design and cost data were not adequate for the purposes of this 
study in all cases and required augmentation or revision by the u x t  team. Therefore, in some 
cases it was necessary to develop new designs and cost estimates solely for the purposes of this 
study, and, as a result, the cost estimates and alternatives used in this study do not necessarily 
represent DOES position on the anticipated cost or preferred approach to remedating a 
particular subproject 

Quality assurance and quality control were provided for all cost esthates prepared for this 
study using the procedures and poffcies contained in tbe cost team's Quality Assurance (QA) 
Program. The requirements of this program have been applied to this project using a graded 
approach that considers the end use of the products being generated Conskitent with the 
requirement of the QA program, all work was subjected to independent d e w  to veri& the 
traceability of cost estimates, adequacy of supporting documentation, and estimate completeness 
in terms of the technical requirements of this study. This review applied to all cost estimates 
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prepared for this study but included only limited review of design and cost data prepared by 
organizations other than the cost team, such as Field Office Contractors. Estimates prepared by 
the cost team were subjected to additional scrutiny for accuracy and reasonableness. AIthough 
evduation of accuracy and reasonabkness were not omitted entirely from raiews of estimates or 
cost data prepared by others, suELicient information was not available in every case to support 
such a review. 

3.13 General Assumptions 

This section discusses general assumptions made during mst-estimation, including 
application of the selected cust-estimating methodology and its impact on the results as a whole. 

The cost estimates prepared for subprojects in this study were based on a broad range of 
information, each unique in nature and varying in both degree of detail and type. Many of the 
DOE Field Offices are conducting ongoing investigations of these subprojects, and with new 
information, the design assumptions made for this study a d d  change mer time. In some cases, 
detailed designs and cost estimates were available in a format miry adapted to the needs of this 
study, including the COSTPRO model. Most subprojects, however, required a considerable 
engineering effort ranging from preliminary design of a remedial alternative to quantity estimating 
based on sketches or other information provided by DOE Those subprojects that lacked 
complete characterization or design detail often required significant scope related assumptions for 
the study to proceed. The assumptions made for each cast subproject and each alternative are 
included in Appendix B with the cust estimates. Cost estimate results are summarized in Section 
4. 

The most common assumption concerned the quantity of contaminated material to be 
remediated. Subprojects for which only characterization data were provided required professional 
judgement to determine the quantity of contaminated material present. When possible, the 
assumptions regarding the amount of contaminated material made by the DOE Field Offices were 
used. In other cases, the cost team made assumptions based on professional judgement. The 
need for three alternatives, regardless of the status of the investigation, required a second 
common assumption concerning the effectiveness of a particular technology in meeting regulatory 
requirements. Several of the subprojects selected for this study lacked three alternatives that met 
regulatory cleanup thresholds, thus requiring development of new alternatives. Some of the 
technologies assumed to be effective may prove unacceptable in the future. A final 
costestimating assumption concern the use of unit mts. Eveq effort was made io use site- 
specif~c unit costs whenever available bcause of the unique conditions encountered on 
environmental projects. Subprojects with well developed unit c a t  data were used as sources of 
data for estimating the cost of other subprojects at the same installation. When no site-specific 
data were available, representative Id data were obtained from in-house sources of the mst  
team. 

The development of an assumed remedial design, including the selection of a remedial 
technology when none was prWided in the subproject documentation, is consistent with the goal 
of this study because, in all cases, the same design assumptions were used for each remedial 
alternative examined. Therefore, equivalent scopes were assumed for each alternative considered 
within each subproject. 'll& process is representative of the aiternatke identifation phase that 
occurs at the beginning of an ER subproject when d te rna tha  are screened before sufficient 
information is available with which to determine the exact scope of the work. 
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4. SUMMARY OF ]RESULTS 

This section presents short descriptions of each subproject and summarizes the analytical 
results of the study. Detailed information concerning the results and how each subproject was 
modeled can be found in Appendices A and B. 

Short descriptions of ad the subproject sites are followed by summary data tables. Table 
4.1 summarizes the human health and cart data €or each of the 24 subprojects and their remedial 
alternatives. Columns 3 and 4 of Table 4.1 show the expected number of fatalities among 
members of the general public and remedial workers, respectively. column 5 shows the risk to a 
reasonably exposed individual. Table 4.2 presents a ranking of the 24 subprojects by population 
baseline risk Table 4.3 presents a ranking of the 24 subprojects by dollar cost per reduced 
fatality using the most cost-effective alternative &om each subproject. 

The health risk and cost estimates presented in the tables should be viewed as rough 
estimates with a large degree of uncertainty. The risk estimate based on pre-remedial 
investigation (RI) data can vary by as much as 3 4  orders of magnitude from those developed at 
the completion of an Rx. This uncertainty could be quantified by varying the parameters that are 
not well defined through their potential ranges. A computer run would be conducted as each 
parameter is varied. The next step in the process could be to determine this uncertainty. The 
health risk numbers as presently constituted should not be used to distinguish differential risk 
between specific sites, but rather to make broad site groupings with respect to risk. 

As discussed in Section 2, MEPAS can calculate risk by discounting future fataIities or by 
considering a future fatality as equal to a present fatality However, MEPAS is designed to 
calculate risk for 100 consecutive 70-year periods @e., 7,000 yean) rather than the 10,OOO year 
time period currently used in performance assessments stipulated by DOE policy. MEPAS is 
capable of producing both discounted and nondiscounted future fatalities. Presentation of both 
discounted and non-discounted future fatalities allows a comparison of the effects of this decision 
on the data (Table 4.4). 

Baseline risk assessments, conducted either in association with the RID3 or prepared for 
other purposes, have been performed at nine of the 24 sites. However, most of the studies only 
estimate individual risk Table 4.5 presents a comparison of individual risk as computed by 
MEPAS with other independent risk assessments. An analysis of the individual risk assessments 
indicates that most of the differences between MEPAS and the RI/FS can be attniuted to 
differences in assumed exposure scenarios. When applied to well characterized sites, MEPAS 
appears to produce results similar to those obtained during the RUES risk assessment process. 

4.1 SITE DESCRIPTIONS 

The following are short desaiptions of each subproject site. Remedial alternatives are 
described in Appendices A and B. 



1. Fernald: Fernald EnvironmentaI Management Project (FEMP) Operable 
Unit 1 (OU1) 

Four clay-lined and two rubber-lined waste pits served as repositories for process wastes 
and construction rbbbfe. Adjacent to the waste pits, a b u m  pit was used for disposal of chemicals 
and other combustible wastes. In the same area, a clearwell operated as a settling basin for 
process wastes and storm water runoff. These eight waste disposal units occupy about 38 acres of 
the FEMP site and are labeled collechly as Operable Unit 1 (OUl). 

The waste pits of OU1 vary in depth fkom 13-30 feet. Compacted native day lines the 
walls of Pits 1,2,3, and 4. Rubberized elastomeric membranes scwe as liners in Pits 5 and 6. 
Although the pits are no longer in use, they contain such wastes as uranium, thorium, 
construction rubble, fly ash, and various other wastes as a result of past waste disposal practices. 
Pits 3 and 5 are refened to as %ets because they received mostly waste in sluny form. Pits 1, 2, 
4, and 6 are referred to as “~IY“ because they received mostly dry solid waste from trucks. The 
pits are a potential source of uranium, sdfate, barium, chromium, and other chemical 
contamination of ground water in the western and southern areas on- and off-site. The area 
covering Pits 1, a, 3, and the burn pit is not graded to allow all stormwater drainage to be directed 
to the cleanvelI, thereby causing runoff to enter a nearby crwk, Paddy’s Run. This creek has 
been identified as a source of downward migration of potlutants into the sand and grave1 aquifer. 
Pits 1, 2, 3, and the bum pit are potential soufce5 of uranium, thorium, nitrates, sulfates, and 
organic contaminants. Ia addition to these wastes, Pit 4 contains a substantial quantity of barium. 
For this reason, the waste in Pit 4 is classified as a Resource Conservation and Recovery Act 
(RCRA) mixed waste. This pit is currently covered with an interim RCRA cap. Pits 5 and 6 are 
uncovered and retain standing water at the pit surfaces. During the summer months, portions of 
Pits 5 and 6 dry out, subjecting the surface to wind erosion. The rubberized lining of Pit 5 has 
torn, and W g  joints have faded. Pollutants from this pit may be entering the ground water 
beneath the pit and contniuting to elevated levels of contaminants detected in the water below 
the pits. Pits 5 and 6 may have receEved barium-containing materials from Pit 4 through the 
practice of pumping accumutated ground water on top of Pit 4 to Pits 5 and 6 via a portable 
Pump. 

2. Fernald: Fernald Environmental Management Project (FEMP) Operable 
Unit 4 (OUQ) 

Four concrete silos were built on the western edge of the site to store pitchblende 
processing wastes. Silos 1 and 2 received waste in slwrry form, whereas Sit0 3 rcxeived only dry 
waste. Silo 4 was never used. Operable Unit 4 (OU4) consists of the two K-65 silos (Silos 1 and 
Z), the metal oxide silo (Silo 3). the soil berms surrounding Silos 1 and 2, and the soils directly 
beneath the silos. The silos contain high levels of uranium and its decay products, including 
radium-226 and radon gas. 

Silos 1 and 2 are 80 feet in diameter, 36 feet high to the center of the silo dome, and 27 
feet high to the top of the vertical walk. The walls are &inch-thick concrete, as are the outer 
part of the domes, which taper to 4 inches in thickoess at the center, The floors of Silos 1 and 2 
consist of 4 inches of concrete over an underdrain system Corrective actions performed to 
maintain the integrity of Silos 1 and 2 include repairing the walls and surrounding the silos with 
an earthen embankment referred to as a siIo berm. Protective u3ver~ of s t e d  and pIywood were 
placed over the dome centers after an assessment io 1985 deemed the original structures unsound. 
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In 1987, a 3-inch layer of polyurethane foam and a 45-mm waterproof coating were placed over 
the domes. Silos 1 and 2 are used for the storage of radium-bearing residues formed as by- 
products of pitchblende ore processing. Silos 1 and 2 received shried process wastes from 1952 
to 1958. Solids in the radioacthe slurry settled, and the liquid waste was decanted through valves 
placed at various heights along the silo walls. As the Iewel of solid waste approached the nearest 
valve, the valve was sealed and the next higher vatved opened. Settling and decanting continued 
in this way until the silos were filled to about 4 feet below the top of the vertical waU. The 
primary radioactive contatninants in Silos 1 and 2 are ra&um-226,lead-21Oy natural uranium, and 
thorium-230. Nonradioactive lead is also abundant. Above the waste residues, Silos 1 and 2 
contain an air space in which radon prcduced from the decay of radium-226 accumulates. This 
radioactive gas diffuses through the silo walls. Because the silo berm retards diffusion of the 
short-lived radon, it accumulates the daughter products of radon decay, including lead-210 and 
polonium-210. 

Process wastes spray calcined into a dry powder were blown under pressure into Silo 3. 
Silos 3 and 4 did not require correcthe actions. Silo 3 a n t a h  primarily thorium-230, sifica, 
radium-226, natural uranium, and other Oxides. It is a less significant radon source because it 
contains lower levels of radium. 

. *  

3. Lawrence Livermore National Laboratory (LLNL): Site 300, Landfill 6 

Landfill 6, or Pit 6, is a closed landWl in the sauthwestern portion of Site 300 
approximately 100 feet from Site 300's southern boundary. It is roughly square in shape and 
approximately 103,000 square feet (24 acres). It was established in 1964 and, as was typical at 
that time, was unlined and without containment structures, or lachate detection, collection, or 
removal systems. It received a variety of wastes from the LLNL main site and Lawrence Berkeley 
Laboratory between July 1, 1964, and February 20, 1973. Materiafs were deposited in only three 
parallel trenches within the landfill area and in six smaller trenches in the northern tier of the 
Iandfil. Together, these trenches account for 13% of the total landfill area, approximately 13,000 
square feet. When tbe IandGIl closed in 1973, it was covered with approximately 3 feet of native 
soil. It has subsequently been developed as a rifle range used by LLM, Safeguards and Security 
Department as well as by San Joaquin County Police Department. A moderately steep hilJside 
lies north of the pit, and a deep gully lies wet. Man-made earth berms have been constructed 
that partially enclose the rifle range along its south, east, and southeastern borders. The rifle 
range is partially cwered by a metal canopy, and electrical lines have been installed in the canopy 
area. 

Although no specific information about the waste deposited in Pit 6 is available, it is 
know to contain construction materials, laboratory equipment and chemicals, scrap metal, paint 
wastes, electrical parts, and the r e m a b  of biomedical research animals. It is suspected that 
polychlorinated biphenyl (Pa) dielectric fluids are contained in over ZOO0 electrical capacitors in 
the pit. In addition, it is suspected that compressed gas cylinders of unknown content and 
unspecified waste possibly contaminated with beryllium and mercury are also present. 

4. Lawrence Livermore National Laboratory (LLNT.,): Site 300, Building 834 
Complex 

Building 834 Complex is on a hdltop the eastern portion of Site 300. Steep hillsides 
and gullies lie to the north and south of the cDmpIex Man-made earth berms have been 

I 
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constructed immediateiy adjacent to the complex buildings. Much of the immediate area is 
covered with asphalt. 

Building 834 Complex supports Site 300's physical-, environmental-, and dynamic-testing 
program, which requires the use of tricfiloroethylene (KZ) as a heat transfer fiuid during 
temperature experimentation. TCE h pumped through aboveground pipes to test cells around 
the perimeter of the complex Tbe radius from the pumping stations to the test cek is about 130 
feet. Some of the materials used in the pump seals, valve gaskets, and pipe thread seals were 
partially dissolved by TCE causing leaks in the pumping-station buildings and near the valve 
systems outside the pumping-station buildings and test cells. Spills inside these buildings were 
washed into floor sumps that drained into the septic system. The septic system leach field is 
another known area of volatile organic compounds (VOC) release. Released chemicals have been 
contained almost exclusively within 80 feet of the ground surface. 

5. Savannah River Plant: F & M Area Seepage Basins 

The F Area Seepage Basins routinely received wastewater containing low-level 
radioactivity and chemicals from the F Area separations facilities. These basins use the soil 
column and ground water pathway to surface outcrops to delay the release of tritium into surface 
streams and effectively retain other radionuclides. Tbe H Area Seepage Basins received 
wastewater containing low-level radioactivity and chemicals from the H Area separations facilities. 

Because both area basins started operation in 1955, received the same types of waste, and 
are located in the same general area, the F Area and the €? Area Basins were combined to form 
the F & H Area Seepage Basins. Both the F and I3 systems consist of three F and four H basins 
connected in series; combined, these basins received an average influent of approximately 
110 x 3O*gaUons per year. Al basins have been closed under RCRk 

The F&H Area Seepage Basins were designed and operated to allow wastewater to 
percoIate through the soil at the sides and bottoms. The seepage eventually entered the ground 
water, cropped out, and entered tnhtaxy streams that eventually entered the Savannah River. 
Ground water contamination associated with b t h  sites consists primarily of tritium, sodium, and 
nitrates, with occasional elevated levels of mercury, manganese, cadmium, and lead. Primary 
source of effluent being Seat to the basins are the nitric acid recovery unit overheads, general 
purpose evaporator overheads, and the overheads from the two waste tank farm evaporators. 
Other sources of effluent were cooling water from the tritium facilities, retention basin transfers, 
and liquids from receiving basins for off-site fueL Soil samples taken over the area indicate both 
radioactive and nonradioactive constituents in the basin sediments. 

6. Savannah River Plant: New TNX Seepage Basin 

The New TNX Seepage Bash located in the 30-square mile Savannah River Plant 
received wastewater generated by the TNX facilities. The New TNX Seepage Basin began 
operation in 1980 when it was constructed to replace the old seepage basin. The basin wntinued 
operation until 1988 when discharges to the New TNX Seepage Basin were rerouted to the TNX 
Effluent Treatment Facility 0. Tbe waste discharged into the basin consisted of 
nonhazardous wastewater from pilot-scale simulation conducted out of the 'INX facility. From 
1983 to 1988, the majority of the wastewater sent to the basin contained simulated, nonradioactive 
sludge and other laboratory cbedcals. 
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The New TNX Seepage Bash consisted of two redangular sections: an hlet  section and 
a seepage section. The two Sections have surface dimensions of approximately 50 feet and 75 feet 
(inlet) and 60 feet x 250 feet (seepage). Both Sections are approximately 10 feet deep and are 
connected by an underground 8-inchdiameter vitrified clay pipe. The volume of the two sections 
combined is approximately 1 &on gallons (5,OOO cubic yards). 

7. Savannah River Plant: M Area Settling Basin 

The M Area Settling Bash, located on the Savannah River Site (SRS), is approximately 
1.8 km horn the nearest plant boundary. From 1954 to 1958, M Area effluent was discharged via 
a process line to Tims Branch, a tniutary to Upper Three Runs Creek In 1958, the Settling 
Basin was constructed to retain uranium and metals discharged in the effluent. Tbe bash has 
routinely received wastewater containing extruded enriched uranium-aluminum alloy fuel, 
aluminum-canned depleted uranium metal targets, other metals, acids, and caustics fiom three 
production facilities and two support laboratories in the M Area. The purpose of this basin was 
to restrict the transport of enriched uranium by settling out and containing the uranium. A 
signif7cant amount of the wastewater discharged to the seepage basin overflowed into a ditch that 
transported them to a seepage area and Last Lake. Approximately 50% of the liquid that 
overflowed from the basin seeped into the ground in this 3-acre seepage a rea  The basin is 
currently closed; discharge to the basin was stopped on July 16, 1985. 

Ground water contamination associated with the site consists primarily of tritium, nitrates, 
l,l,l-trichloroethane, carbon tetrachloride, nitric acid, tetrachloroethylene, and trichloroethylene. 
Primary sources of effluent being sent to the basin can be characterized as electroplating waste 
from aluminum forming and metal finishing processes. Soil samples taken over the area indicate 
both radioactive and nonradioactive constituents in the basin sediments. 

8. Savannah River Plant: Sadtary LaadEill 

Operations at the Sanitary Waste Landfill used at the Savannah River Site (SRS) 
originated in 1974. In 1986, the State of South Carolina Department of Health and 
Environmental Control (SCDHEC) approved an expansion of the original 32-acre tract to include 
a 16-acre northern expansion and a =-acre southern expansion. In 1987, the southern expansion 
began receiving waste and is presently nearing capacity. By midyear of 1% operations will begin 
at the northern expansion. 

The landfill is a trench and fill operation. Currently, the Iandfill receives lS,000-20,000 
tons of waste (approximately 70,000 cubic yards) per year. Waste is placed in excavated trenches 
that are typically 50 feet wide, 500 feet long, and 15 feet deep. Materials such as paper, plastics, 
cafeteria garbage, rubber, wood, cardboard, empty cans, and discarded office furniture are 
deposited in the trenches and covered daiiy with a thin soil blanket Also, separate trenches are 
used for the burial of asbestos and sludge. The asbestos trenches receives asbestos materials and 
construction rubble. Skimmings fiom tbe sewage treatment plant and dead animals are placed in 
the sludge trench. Once a trench is full, approximately 3 feet of topsoil caps the complete trench. 

On January 26,1990, DOE noti6ed SCDHEiC that rags and Wipes d with F listed 
solvents for cleaning and radioactive deantamination had been deposited in portions of the 
Sanitary Waste Landfill. In response, SCDHEC ahised SRS that the F listed solvent rags and 
wipes constituted hazardous waste subject to RCRA regulation. Presently, DOE and SCDHEC 
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are negotiating an agreement that includes 8 RCRA clasure for &we podons of the sanitary 
landfill that received solvent rags and wipes. 

9. Oak Ridge National Labratory (ORNL): Waste Area Grouping (WAG) 6 

Waste Area Grouping (WAG) 6 borders White Oak Lake near White Oak Dam and 
State Highway 95. WAG 6 mnsists of three solid waste management units: Solid Waste Storage 
Area 6 (SWSA 6), the Emergency Waste Basin (E.WB), and the Explosives Detonation Trench 
(ED"). W e  both SWSA 6 and EDT have received a variety of wastes, EWB has reportedly 
never been used and, therefore, will not be included in the risk assessment. 

SWSA 6 contains more than loo0 trenches and auger holes. Trenches are assigned to one 
of the following categories depending upon the waste placed in them: (1) high activity, (2) low 
activity, (3) biological, (4) asbestos, (5) baled, (6) fissile, (7) &&-activity concrete lined, and (8) 
Iow-activity concrete bed. Dimensions of trenches were highly variable depending on topography 
and trench type, but they generdy were approximately 50 feet long x 10 feet wide x 13-20 feet 
deep. Auger holes have been classifid as one of three types, depending upon their waste 
content: (1) high-activity, (2) solvent, or (3) fissile. The auger holes, which measured from about 
1-4 feet in diameter and 20 feet h depth, were placed in higher eIevation areas. Containers as 
large as 55-gallon drums were placed in the auger holes, which were generally spaced about 3 feet 
apart. 

Until May 1986, all trenches and most auger holes were unlined. Since that time, all 
disposal of radioactive waste has been in concrete silos. No chemically hazardous wastes have 
been disposed in SWSA 6 since April 1986. The EDT was used to detonate explosives and 
shock-sensitive chemicals, with debris from the explosion remaining in the trench. The trench is a 
potential source of ground water eontamination through contaminant leaching. 

10. Y-12 PIant: Bear Creek Operable Unit 4 (OU4) 

While Bear Creek Operable Unit 4 (OU4) is not a Solid Waste Management Unit 
(SWMU) in terms of a strict RCRA definitior, contaminants in floodplain soils represent a 
potentiai source of continuing, uncontrolled releases to the environment. A number of S W s  
are suspected to have contn'buted to contamination in Bear Creek mese include the S-3 POD&, 
the Oil Retention Ponds, the Oil Landfarm, Bear Creek Burial Grounds, Sanitary Landfill I, Rust 
Spoil Area, Spoil Area I, and the Hazardous Chemical Disposal Area-Burnyard/Boneyard, as well 
as the White Wing Scrap Yard (an Oak Ridge National Lab site that is located in the Bear Creek 
Watershed). In spite of the quantities and varieties of contaminants known to have been disposed 
of in the SwMus, very few eontaminants have k e n  detected in Bear Creek surface water, 
sediment, or floodplain soils at concentrations warranting human health or ecological concern. 
The chief contaminants and respective media of concern are plychlorinated biphenyl compounds 
(PCBs) and uranium in floodplain soils, PCBs in sediment and biota, and nitrate, aluminum, 
uranium, and cadmium in surface waters. Volatile organic compounds (mainly industrial solvents 
such as trichforoethene and tetrachloroethene) occur in ground water and certain tniutazies at 
concentrations warranting human health concern, but there is a near absence of these compounds 
in mainstream Bear Creek, and the ground water plumes are restricted to the immediate area of 
the SWMUs. 



11. K-25 Plant: Pond Waste Management Project 

From February 1987 through September 1988, waste sludge removed from a retention 
basin and a holding pond was coflected and stored in drums at the K-1417 Drum Storage Yard 
site. The 78,000 drums sit on a 1335 feet x 280 feet asphalt pad located near the Mitchell 
Branch Stream. Approximately 45,000 of these dnuns contain sludge stabilized in a concrete 
grout, although some of the stabilized dnuns contain free liquid as well. About 32,000 drums 
house raw sludge. Eight thousand dnuns have been drained of free liquid and moved to on-site 
indoor storage. The sludge stored in the drums contains various inorganic, organic, and 
radioactive wastes; hence, it is a RCRA mixed waste. The drums were designed for temporary 
storage, and inspections have revealed leaks in the drums. 

Tbe K-1417 drums show atenoaf signs of internal corrosion. Liquid sludge is leaking from 
the drums onto the asphalt pad and p i b l y  into the surrounding soils. Solid sludge may also be 
escaping from the 89- and %gallon drums. The grout-stabilized drums containing na Eree liquid 
are not thought ta contribute to contambarit release. 

12. 

The 9201-4 (Alpha 4) facility, which was shut down in 1962 and remained on controlled 
stand-by until 1983, contained equipment associated with the cola solvent extraction process. 
The process utilized a lithium hydroxide feed stream and invoh.ed the use of large quantities of 
mercury as a soltvent. W e  only low levels of mercury (below 2 &) can actually dissolve in 
ground water as it moves through contaminated areas, ground water is considered a contaminant 
pathway in areas where ground water enters basements and drains. The increased flow rate in 
such open spaces allows the water to seme as a transport mechanism for moving contaminated 
soil into surface streams, where the contamination lx.uxnes a surface water and sediment 
problem. Mercury can ah0 be released to surface waters by the discharge of water from building 
drains and storm sewers, as well as by overland transport. 

Y-12 Plant: Buiiding 9201-4 (Alpha 4) D&D 

13. Argonne National Laboratory (ANL) East: $00 Area LandfilI and French 
Drain 

The 800 Area Landfill is an active on-site sanitary landfill that is used to dispose of 
most af ANL-East’s nonradioactive solid waste products. The site is located on 21.78 acres at the 
extreme western edge of the AN-LEast site and is surrounded by the Waterfall Glen Nature 
Preserve on three sides. The L;F is approxhateiy 600 feet x 900 feet and is underlain with a 
natural deposit of low permeable silty clay glacial tilt, however, no engineered liner exists under 
the landill. The LF was constructed h 1966 and was first used in 1968. It has been operating 
under permit fiom the lllinais Environmental Protection Agency (IEPA) since 1981; a RCRA 
Part B Permit application is currently being prepared. Remediation of this site may occur under 
RCRA as a condition of this Part B Permit, under CERCLA, or under the IEpA’s voluntary 
cleanup program. The expected remaining useful life of the Iandfill is 13 years based on current 
waste generation rates. 

Before 1981, waste disposal in the LF was uncontrolled and largely undocumente& It is 
likely that the LS was used €or the disposal of both chemical and radioactive wastes in several 
areas of the W. A vertical fiench drain, a p p r h a t e l y  10 feet X 10 feet and located in the 
extreme northeast corner of the LF, was used from 1%9 to 1978 to dispose of approximately 
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29,OOO gallons of nonradioactive hazardous wastes, including various organics, waste oil, diesel 
fuel, kerosene, and PCB-contamhated fluids. Tbe french drain area of the W was day-capped in 
1979; no wastes were removed. Other smaller french drains at other Iocatioas in the I.3 may 
have used prior to 1981. The presence of low levels of tritium in some of the W monitoring 
w e b  indicates that radioactive waste may have been disposed in the LE The rJ: is also used for 
the disposal of asbestos from on-site demolition and recOnstmtion projects. The annual amount 
of asbestos disposed in the LF fluctuates, ranging from 615 cubic feet ia 1984 to 2OOO cubic feet 
for 5 months in 1987. Asbestos disposal is expected to increase in the next few years. 

The 800 Area LandKl is located approximately 0.27 mile from EommerciaVindustrial 
facilities, 0.01 mile &om wetlands located in the Waterfall Glen Nature Preserve, 0.25 mile from 
agricultural lands, and 0.3 mile from the nearest residence. Demographic assessments of the site 
show 3300 persons within a l-mile radius, 12,700 persons within a 2 - d e  radius, and 39,600 within 
a 3-mile radius. 

14. Argonne National Labratory (ANL), East: 570 Holding Pond 

The 570 Holding Pond is an empty unlined lagoon, originally 100 feet x 75 feet, that has 
been inactive since 1980. The 570 Holding Pond i s  also referred to as a settling pond, the 
WWTP (wastewater treatment plant) d e n  lagoon, and the overflow pond. The pond is 
located on the eastern side of ANL-East in the northeastern portion of the wastewater treatment 
plant. According to ANGEast internal memoranda, the original purpose of the 570 Holding 
Pond was to act as a temporary holding area for suspect radioactive wastewater. Water diverted 
to the pond from the laboratory drain system would be monitored for radioactivity. Depending 
on the results of the monitoring, the water would either be released to Sawmill Creek via an 
outfiow and drainage swale, or processed, No records exist to indicate how frequently the pond 
was used. 

Monitoring conducted in the area of the pond in the early 1960s showed elevated levels of 
alphas, beta, and uranium in the soil. Additional monitoring during the 1970s showed low levels 
of plutonium-239. Small quantities of hazardous cbem'cats may aIso be present in the pond from 
laboratory wastewater. Although the lagoon vas removed from service in 1980, the potential 
remains for Sawmill Creek contamination and ground water contamination through migration of 
contaminants from the lagoon soil. Tbe site is not well characterid, but site personnel suspect 
primary contamination fiom metals and radionuclides and possibly P a s .  

15. Argonne National Laboratory (ANL), West: Liquid Waste Process Area 

The Liquid Waste Process Area is h t e d  inside Building 752 at ANL-West and has been 
declared a Decontamination and Decommissioning (DBrD) area Budding 752 is the Laboratory 
and OEce p 0 )  and support area at -West. When it was operable, the evaporator system, 
a tube and bundle evaporator, was f d  steam through one side of the bundle, and solids were 
drawn off the bottom of the evaporator. The liquid discharge of the low-level radioactive waste 
was then collected, recondensed, run through ionexchangers and disposed to the environment via 
a series of underground pipes that led to a leaching pit to the southwest of Building 752 The 
piping leading to this leaching pit has been capped and abandoned in place. The site was 
decontaminated and decommissioned because workers were exposed to potential radiation while 
they changed the bundles in the evaporator. Moreaver, a new facility was built, which is a 
shielded hot air dnun evaporation process, making the evaporator in Building 752 obsolete. This 
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new facility is located in Building 798, about 600 feet nor& of Building 752 The Liquid Waste 
Process Area is on standby for dispusition of the evaporator, which has not been in use since May 
1983. 

16. Idaho National Engineering Laboratory (INEL): B O W - V  

The BORAX-V D&D Facility is managed by EG&G Idaho and consists of the inactive 
BORAX, or Boiling Water Reactor E;xperiment, area BO=-V is located in the southwestern 
section of the INEL and occupies 6 acres, including the leach pond and BORAX-I contamhated 
area. The BORAX facility was originally developed in 1953 as BORAX-I, to test the ability of an 
open-top boiling water reactor to protect itself against sudden increases in reactivity. The last test 
of BORAX-I was in 1954 when the reactor was intentionally destroyed. After its destruction, the 
reactor was buried in place and the site was cleared and abandoned. A new site, 100 yards 
northeast of BORAX-& was chosen for subsequent BORAX testing. The BORAX-II through V 
experiments were conducted from 1954 to 1964 in a reactor housed in one of two main buildings, 
They were designed to test various aspects of boiling water reactors. This Eacility has been 
decontaminated and decommissioned and has been inactive for the past 30 years. 

The two structures considered at the D&D BORAX-V site are the Reactor Building and 
the Turbine Building. The Turbine Building was decontaminated and decommissioned in 1991, 
and the building has been gutted. The Reactor Building has had the radioactive fuel and other 
components removed, but still has components left that need to be disposed of to finish the D&D 
on the building. For the purposes of this study, only the Reactor Building will be modeled since 
the Turbine Building's components are no longer present. Sampling data from the Reactor 
Eluilding show that the primary constituents of concern are C o b a l t 4  and Cesium-137. In the 
previous work done on the Reactor Building, the aboveground portion of the building was 
removed and the underground portion covered by a concrete slab and temporary roof; thus access 
is extremely limited. 

17. Los Alamos National Laboratory: LQS Alamos Power Reactor Experiment 
(LAPRE) Reactor I1 

The first Los Alamos Power Reactor Experiment (LAPRE) reactor was disassembled 
between 1956-1958. The LAPRE Reactor II was subsequently built as a replacement reactor and 
is located in Technical Area 35 (TA-35). The LAPRE Reactor II, when it was operable, was 
fueled by uranium-235 in a 95% pure phosphoric acid solution. The reactor vessel is only 4.5 feet 
long and 15 inches in diameter. It has a fuel reservoir tank and an additional reservoir tank, both 
of which are buried along with the reactor vessel at a depth of 12-16 feet. These "tanks" are 
about 15 feet long, 8 inches in diameter, and are housed in a coxregated metal pipe The reactor 
itself is housed in a 48-inch steel safety enclosure. 3 % ~  LAPRE Reactor II was built in 1959, 
shutdown in 1950, and then decontaminated and d e c o d i o n e d  @&D). The LAPRE Reactor 
II was decommissioned because some of the casings of the reactor are made of reclaimable gold 
and because it is a surplus facility. 

18. Mound: Miami-Erie Canal 

Built to sewe as a waterway transportation route and abandoned in 1915, the Miami-Erie 
CanaI lies immediately west of the Mound Plant boundary. Today, the 2,133-meter-long 
depression that remains serves as a drainage pathway for surface water moff to the Great Miami 
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River. A concrete dam with a one-way 'flapper" valve separates the canal into northern and 
southern halves. The north canal is a 40-feet-wide grassy ditch that fills partially with water 
during precipitation. This water may drain to the south canal through the flapper vahre. The 
southern portion of the canal is heady vegetated, yet supports a tight year-round surface water 
flow. The south canal receives discharge fiom the National Pollution Discharge Elimination 
System outfall. A 20-feet-wide overflow creek conveys surface water from the canal to the Great 
Miami River. Limited sampling efforts indicate that canal sediments contain above background 
levels of tritium and plutonium-238. 

Until 1970, the Miami-Erie Canal received tritium-mntaining discharge from the Mound 
Plant site drainage ditch. In 1976, the inventory of tritium in the canal was estimated as 200 
curies, with a half-life of approximatefy 3 years. Because the nature and extent of tritium 
contamination in the canal is poorIy understood, the transport of tritium from this site is not 
addressed at this time. 

The rupture of an underground liquid waste pipeline in 1%9 discharged plutonium nitrate 
into the soil of the pipeline area. The soil particles, contaminated with strongly bound 
plutonium-238, were suspended in moving rainwater after precipitation at the site. Normal 
sedimentation processes deposited the contaminated sod in the Miami-Erie Canal. The 
Environmental Survey Preliminary Report esthnates that about 5.2 curies of plutonium-238 were 
deposited in waterways off the site. As a result of natural drainage patterns, the contamination 
has been buried by up to 3 feet of sediment. 

19. Mound: Area B Ground Water 

From 1948 to 1977, the Cacre area known as Area B served as a waste disposal area. 
The rectanguiar Area €3 lies midway between the northern and southern site boundaries and only 
a short distance from the western edge of the site. 

Area B served as a waste disposal area fiom 1948 to 1977, No records of the quantities of 
wastes disposed in the Area B landW were kept. However, it is known that the area received 
paper, glass, wood, kitchen garbage, and laborGtory and office wastes. Drums contaminated with 
thorium, and sand contaminated with polonium, were also buried or placed in Area B. In 1977 
and 1978, much of the waste in the historic landfill was excavated and p l a d  in a new sanitary 
landfill located in the southern balf of Area B. An overfJow pond was constructed in the 
excavated area. 

The ground water beneath Area B is contaminated with volatile and semivolatile organic 
compounds and various radionuclides. Although the historic landfill is the suspected source of 
contamination, the presence of many wb in and around Area B may caw a local ground water 
depression such that a pre-existing ground water contaminant plume is drawn under Area B. 

20. Sandia National Laboratory (SNL), Livermore: Fuel Oil Spill 

The Fuel Oil SpiU site is located near the center of the SNL installation and is a 179,900- 
gallon-aboveground fuel reseme storage tank. Number 2 diesel fuel oil was released fiom the 
storage tank in February 1975 when an underground transfer line buried 4 feet underground was 
accidentany punctured. The: spill occurred 75 feet north of the storage tank, The exact amount 
of diesel fuel lost is not known but is estimated at 59,000 gallons, A small portion of fuel was 
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recovered from the shallow light pole trench near the puncture but the exact amount recovered 
was not reported. The fuel has contaminated the unsaturated zone to the water table and is 
considered a potentid source of ground water contamhation. 

21. Sandia National Laboratory (SNL), Livemore: Navy Landfill 

The Navy LandW is located in the southern portion of SNL This area was once part of 
a natural ravine extending 200 feet x 400 feet The site currently consists of debris fill in and 
around the ravine. Landfill operations were begun by the U.S. Navy in 1942 and continued until 
1947. Disposal at the site was resumed by Lawrence livermore National Laboratory (LNLL) in 
1952 and continued until SNL requested, in 1960, that disposal practices at the Navy Landfill 
cease. Since that time SNL has used the site as a high-explosive storage magazine area. The area 
is now used to store small arms ammunition, weapons components, solid rocket propellant and 
unspecified classified explosive materials and components. 

The Navy La~dfil l  was not an engineered structure and was, therefore, not provided with 
a liner, cover, or other means for containment, leachate diversion, or surface drainage control. 
Refuse was deposited at the site on unprotected ground. Trash, construction debris, and soil were 
disposed of in the ravine by the Navy. LLM; also disposed of construction debris at the site 
aiong with empty containers without reference to the original contents or use of these containers. 
The Navy Landfill now contains less than 1 million pounds of nondmmposable inert solid waste. 
Landfill operations ceased in 1960, but no formal closure of the site was instituted. Construction 
debris, inchding concrete slabs, machine turnings, wire, and plastic are visible at the surface of the 
landfill. 

22. Hanford Reservation: Nonradioactive Dangerous Waste Landfill 
(NRDwL) 

The Nonradioactive Dangerous Waste Landfill (NRDWL) opened in 1WS and received 
waste until 1985. It is located in roughiy the center of the Hanford reservation and is adjacent to 
the Solid Waste Landfill (SWL). Together, NRDWL and S W L  occupy 76 acres. W W L ,  is 
composed of trenches each measuriag 400 feet x 46 feet at their surface. When the landfill 
ceased receiving waste, six of the trenches contained packaged chemical waste, and nine trenches 
contained asbestos waste. The remaining three trenches and unused portions of two others are 
empty. Trenches containing waste have been covered with 6-10 feet of excavated soil. Chemical 
waste in the six trenches was buried in containers, primarily 55-gallon drums; all liquid waste is 
packed with absorbent material. Must trenches contab a single row of drums, although at times it 
was necessary to stack them one on top of another. A wide variety of chemical waste has been 
buried in the landfill, including laboratory chemical waste, paint, od, and solvents. Up to 2700 
different types of chemical waste have been identified. Tbere is no evidence of contaminant 
release from NRDWL 

23. Uranium Mill Taillngs Remedial Action (UMTRA) Site: Gunnison, 
Colorado 

The Gunnison UMTRA site is an inactive Uranjum mill tailings site on the south edge of 
Gunnison, in Gunnison County, west-central Colorado. The site is in a wide mountain valley of 
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the Gunnison River and Todchi Creek and on the west slope of the Rocky Mountains. The mill 
was operated by the G d o n  Mining Company from February 1958 until December 21, 1961, 
when Gunnison Mining Company merged with Ir;ermac Nuclear Fuels Corporation, a wholly 
owned subsidiary of Ken-Mdsee Oil Industries, which becarne the surviving company. a r m a c  
operated the mill until it closed io April 1962 All uranium produced was sold to the United 
States Atomic Energy f i e i o n .  About 540,OOO tons of ore were p d  by acid leaching. 
On December 28,1964, Kennac Nuclear Fuels Corporation sold the entire millsite to Colorado 
Ventures, Inc., who subsequently deed& 3.5 acres at the north end of the original 65 acres to 
GuMison County in December 1% €or airport expansion. In August 1973, Colorado Ventures 
sold the property to The MU, a limited partnership, its current owner. 

Contaminated materials at the Gunnison processing site incrude one almost rectangular 
tailings pile covering about 35 acres to an average depth of 9 feet and contahhg about 459,000 
cubic yards of tailings, subsurface contarnination, windblown contamhation, ground water 
contamination, and miscellaneous areas that have been contaminated by uranium processing 
activities. The total volume of contaminated materials is estimated at 718,900 cubic yards. 

24. Uranium Mill Tailings Remedial Action (UMTRA) Site: Rifle, Colorado 

The Rifle UMTRA site consists of two separate, inactive uranium mill tailings sites 
outside Rifle, in Garfield County, west-central Colorado. The eastern site is known as Old Rine 
and is approximately 0.3 mile from the center of Rille. Tbe western site, k n o w  as New Rifle, is 
approximately 2 miles from the center of Rifle. 

The uranium mill at the Old Rifle site operated from 1924-1958. After 1958, most of the 
Old Rifle tailings were reprocessed at the New Rifle site. Tbe only structures remaining at the 
mi11 site are the assay building and the foundations of other d facilities. From 1958 to 1973, the 
New Rifle mill produced uranium and vanadium, From 1973 to 1984, a portion of the mill was 
used to produce vanadium; this operation involved processing vanadium solutions and did not 
yield tailings. Both the Old and New Rine tailings piles have been partially stabilized. The Old 
Rifle pile was recontoured, covered with six-inches of soil, and revegetated. ?he New Rifle was 
covered with fertilizer and mulch and revegetated, 

The total amount of estimated volumes of tailing and contaminated materiak at the Old 
and New Rifle sites is 4,135,000 cubic yards. The 22-acre Old Rifle tailings site consists of the 
13-acre tailings pile and 9-acre milf area. Fifty-three acra adjacent to the tailings site are 
contaminated with windblown tahgs and debris. The total amount of contaminated materials at 
the Old Rifle site, including contaminated soils beneath the taifings, is estimated to be 661,OOO 
cubic yards. Seepage from the tailings pile has contaminated ground water in the alluvium and 
Wasatch Formation. 

The New Rine tailings site occupies 142 acres. The tailings pile covers 33 acres, and the 
mill area covers 59 acres. The entire New Rine site is contaminated, and a 63-acre area adjacent 
to the tailings pile has been contaminated with windblown tailings. The total amount of 
contaminated materials at the New Rifle site, including contaminated soils beneath the tailings, is 
estimated to be 3,474,000 cubic yards, and includes contamination seepage from two vanadium 
ponds. Seepage from the tailings pile has contaminated ground water in the alluvium and 
W asa tch Formation. 
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4.2 DISCUSSION OF RESULTS 

Discounted health risks and wts associated with the remedial alternatives for each 
subproject site are summarized in Table 4.1. Descriptions of each column heading and values 
from Fernald FEMP OU1 are provided below, , 

e PopuIation deaths: The modeled population for each site consists of those individuals 
reasonably expected to come into contact with contamination Erom the site. For 
atmospherically-transported contaminants, all residents within a 50-mile radius were 
considered potential receptors. For groundwater and surface water Gontamhant transport 
pathways, the modeled population included actual users of the water for drinking, bathing, 
swimming, fishing, etc. ?be cumdative modeled population for a site is the stun of 
potential receptors modeled for each transport pathway. lZle population death value 
represents the number of cancer deaths that are predicted to occur within the next 7,000 
years within the cumulative modeled population as a result of exposure to contaminants 
from the site without remediation. For example, 1.62 (rounded to 2) cancer deaths are 
predicted to occur over the next 7000 years in the modeled population exposed to 
contaminants from FEMP OU1. E one assumes that the population at FEMP OU1 is 
uniformly exposed over the 7000 years, only 0.02 cancer deaths would occur in any 70-year 
time period. However, because typical exposures do vary over time, the number of cancer 
deaths is very low or zero over certain time periods and higher over other time periods. 
When cancer deaths are summed over the 100 70-year periods, they total 2 deaths for 
FEW OU1 over the next 7000 years. 

Note: The predicted number of cancer fatalities in a popuIation exposed to airborne 
contaminants represent the fatalities predicted to occuf mer  a 70-year time period as 
opposed to the 7OOO-year time period used to estimate fatalities from other contaminant 
transport pathways. The shorter time period is used because the airborne contaminants 
will reach peak concentration levels and dissipate within 70 years. 

e Worker deaths: This value indicates the number of deaths "tuning in the worker 
population involved in the impIementation of each remedial alternative. The number of 
worker deaths includes deaths h r n  occupational accidents as well as cancer deaths 
resulting from exposure to contaminants at the site. In general, the health impacts from 
occupational addents are sigruficantly greater than those horn cancer due to radiation 
exposure to contaminants at the site. Worker deaths are calcdated over the time period 
necessary to complete remediation. For example, Remedial Alternative 1 at IFEMP OU1 
generates a worker death value of 0.02 This d u e  indicates the potential for 0.02 deaths 
among the workers invoked in the implementation of Remedial Alternative 1 at FEMP 
OUl. 

e Average individual risk This value indicates the average 70-year lifetime risk of cancer 
fatality to an individual in the modeled population &om expure  to contaminants from 
the site. The value is calculated by dividing the predicted number of popuIation deaths by 
the size of the total population exposed over 7000 years. For example, FEW OU1 is 
modeled with a 7oOa-year total exposed population of 2.67 x 1O'people. Dividing the 
number of predicted cancer deaths, 1.62, by this population yields an average 70-year 
lifetime cancer fatality risk of 6 x lo4 to an individual in the e;xposed population. 
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Average worker risk: Tbis value represents the average risk of death for a remedial action 
worker, and is calculated by dividing the predicted number of worker deaths for each 
remedial alternative by the number of workers involved io the implementation of the 
remedial alternative n e  average worker risk value includes the risk of death from 
occupational accidents as weIl as the risk of cancer fatatity resulting from exposure to 
contaminants at the site. For example, a worker involved in the implementation of 
Remediai Ahernatke 1 at FEhap OU1 will have a 2 x 1O"risk of fatality from an 
occupational accident or cancer resulting from exposure to contaminants at the site 

e Reasonablv exw sed individual risk: This value represents the highest 70-yeat lifetime risk 
of cancer fatality to an individual within the modeled population under reasonable 
exposure conditions. The exposure conditions that generate the highest individual risk are 
realistic exposure conditions, not hypothetical worst-case exposure scenarios. For this 
reason, the values entered in this column are termed "reasonably e x p o d  individual risk" 
as opposed to "maximum individual risk" For example, the highest 70-year lifetime risk of 
cancer fatality to an individual under reasonable exposure conditions in the modeled 
population exposed to contaminants from FEMP OU 1 is 8 x lo*'. The reasonably 
exposed individual risk is higher than the average individual risk because the former 
represents the highest risk to an individual within the modeled population, whereas the 
latter represents the average risk to an individual within the modeled poputation. 

e Uncertainty: This entry indicates the level of uncertainty associated with the risk 
estimates for each remedial alternative. A rating of "normal" indicates that risk estimates 
are based on adequate site characterization data, and uncertainty may span 1-2 orders of 
magnitude. An uncertainty rating of "high" indicates that risk estimates are based on 
limited site characterization data, and uncertainty may span 3-4 orders of magnitude. 

a Risk reduction: This value represents the number of deaths avoided by the 
implementation of the remedial alternative. The risk reduction value incorporates both 
the reduction in the number of population cancer deaths as well as the increased number 
of worker fatalities generated by remedial alternative implementation. The risk reduction 
value is calculated by subtracting the worker death value Erom the number of population 
deaths avoided by the implementation of each remedial alternative. Parentheses enclosing 
the risk reduction value indicate a net increase in risk due to remedial action. That is, the 
number of deaths in the population of workers involved in remedial action is greater than 
the number of population deaths avoided. For example, FEMP OU 1 Remedial 
Alternative 1 reduces the population death value to zero, yet contriiutes 0.02 worker 
deaths during its implementation. The net risk reduction is 1.98 deaths (2 population 
deaths avoided - 0.02 worker deaths generated). This risk reduction number, rounded to 
the closest whole number, is entered as 2 in the risk reduction column of Table 5.1. 

- Cost: This entry indicates the unescalated (FY 1991) cost associated with the 
implementation of each remedial alternative for each subproject, 

33 



Table 4.1(0). Discounted Health RLsk and Cost Summary 

Discounted cancer fatalities in expami population DYer 7000 )sacs 
0. Qncer and occupational accident fatalities in worker population 

'Normal'-risk estimates based on adequate site characterization data; uncertainty may span 1- 2 orders of mapitude. 'High'-risk estimated based on limited site characterization daw 
uncertainty may span 3- 4 orders of magnitude. 
Population risk reduction due to remediation minus worker risk due to implementation of remedial sltemstk. ( ) indicates net risk increase 

t 

t 

1. 





Table 4.I(c). Discounted Hearth Risk and Cost Summar 

Dismunted cancer Fatalities in e@ population over 700(1 yeas 
*m Cancer and occupations! &dent fatalities in worker populstion 

'Nonnal*-risk estimates based on adequate site characterhtion data; uncertainty may span 1 - 2 orders of magitudt. 'High'-risk estimates *re based on limited rite chameriutiun 
data; uncertainty may span 3- 4 orders of magnitude. 
Population risk reduction due to remcdialion minus worker risk due to impkmentation ol rrmalbl rlternativc. ( ) indicates net risk inrreast 

t 

t 



Table 4.l(d). Discounted Health Risk and Cost Summaty 

Discounted cancer fatalities in exposed population o w  7OOO p a  
m. Cancer and oaupational accident fatalities in worker population 

'Normal'-risk cstimalcs b u d  on adequate site characterization data; uncertainty may span 1 - 2 d e s  ol magnitude. 'HigW-risk estimates b& on lirnitcd site chrnaer iuh  daw 
uncertainty may span 3- 4 ordcrs of magnitude 
Population risk nduction due to remediation minus worker h k  due lo impkmentrtkm d remedial dternr tk .  ( ) indicatu net risk increase. 

t 
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Table 4.2 provides a ranbhg of the 24 subprojects by dixounted population fatalities. 
Sites in the upper grouping have predicted population fatalities greater than 1 over 7000 years. 
The middle grouping has between 1 and O.ooO1 predicted population fatalities over 7000 years. 
Tbe lower grouping has less than 0.O001 predicted population fatalities over 7000 years. Because 
of the uncertainty in risk estimates, it is not poss&le, to distinguish among the rankings of sites 
within the same grouping. 

Tables 4.3(a) and 4.3@) provide r d g s  of the 24 subprojects by cost per fatality 
avoided, measured in discounted and undiscouated fataIities, respectively. In both tables, the 
subprojects in the upper grouping have a cost per fatality avoided of less than $100 million. The 
middle grouping has a cost per fatality avoided of between $100 million and $l,OOO trillion. Sites 
in the lower grouping have no reduction in fatalities as a result of remedial action, thus making a 
computation of cost per fatality avoided impossible. As Table 43@) illustrates, measuring 
population risk in undiscounted fatalities increases the number of sites having a cost per fatality 
avoided of less then $100 million. Furthermore, using undiscounted fatalities adds an additional 
site to the second grouping that previously showed no reduction in fatalities when using time 
discounted fatalities. 

The MEPAS code allows health impacts to be estimated on either a t h e  discounted basis 
or a non-time discounted (undiscounted) basis. The MEPAS timediscounting option was 
designed to emphasize the importance of near-term risks. A reduction of the risk magnitude by 
one-half per successive 70-year time period was chosen by DOE and tbe designers of MEPAS as 
the most appropriate discounting rate. This represents a decreasing risk of 0.995 or  less than 1% 
per year. The undiscounted option does not reduce (discount) risks occurring in the distant 
future. The use of undiscounted estimates allows risks occurring late in the 7000-year period to 
be presented as equivalent risks occurring in the near future. 

It is important to note that the MEPAS code estimates risk from exposure to  airborne 
contaminants for a period of 70 years as opposed to the 7000-year period used to estimate risk 
from contaminants transported through other media. A period of 70 years is examined because 
the airborne contaminants will reach peak concentrations and dissipate within 70 years. Because 
only risks estimated to occw after the first 70-year time period are discounted using the time 
discounting option, the time discounted risks resulting from exposure to airborne contaminants 
will be the same as the non-time discounted risk. Table 4.4 compares the discounted and 
undiscounted papulation deaths and average individual risks. Values from Femald OU1 and OU4 
are discussed below to illustrate the difference between discounted and undiscounted risk 
estimates. 

At Fernald OU1,3 deaths are calculated to occur from exposure to contaminants from the 
site if the time discounting option is not used. If the time discounting option is used, the result is 
2 deaths. The change can be explained by examining the nature of contaminant transport fiom 
FEW OU1. The contaminant transport pathway contniuting the greatest risk to the aposed 
population invoIves the seepage of contaminants from EMP OUl into the underlying so& and 
migration of the contaminants to the ground water, a source of drinking water. Because the 
migration of the contaminants through the soil layers and subsequent movement of contaminants 
in the ground water are slow processes, the contaminants will not reach peak concentrations at 
the receptor site (i.e., at a well used to collect ground water for use as drinking water) until some 
time within the second 70-year t h e  period examined (between 71 and 140 years from the 
present). Hence, the fatalities are expected to occur in the second t h e  period. Because the 

38 



fatalities are expected to occur in the second 70-year time period, the magnitude of the predicted 
discounted fatalities is approximately one-half the magnitude of the true undixounted estimate. 

The number of estimated time discounted and undiscounted fatalities associated with the 
no-action alternative at Fernald OU4 are identical. Again, this pattern can be explained by 
examining the nature of contaminant transport from the waste site. The only significant 
contributor of risk from OU4 is exposure to airborne radon. As noted previously, the MEPAS 
code estimates risks (and fatalities) from exposure to airborne Gontzmhants for a period of 70 
years. Hence, no estimates of risk resulting from exposure to airborne contarninants are predicted 
for time periods after the first 7Q-year period. Because the time discounting option reduces the 
estimate of the risks after the first 70-year period, the estimate of the risks associated with 
exposure to airborne contaminants will not k r&u& by the time discounting option. Hence, 
the predicted discounted and undiscounted fatalities resulting fi-om exposure to airborne radon 
from FernaId OU4 are identical. 
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Table 4.2 Subproject Rank by Discounted Population Baseline Risk 

I 

POPULATION FATALITXES 
Fernald: FEMP OU4 

% 

Fernatd: FEME' OU1 GREATERTHAN 1 

Mound: Area B 

Savannah River: F & €3 

Savannah River. M Area 

LLM, Bldg. 834 

ORNL WAG 6 
POPULATION FATALITIES 

Argonne West: Liquid Waste BETWEEN l-.oOOl 

POPULATION FATALITIES 

LESS THAN .m1 

LusAlamos: tApRE 

Sandia-Livermore: Fuel Oil Spill 

Sandia-Livermore: Navy Landtill 
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Table 43(a) Cost per Discounted Fatality Avoided 

Site Name 

Fernald FEMP OUl 

Fernald FEMP OU4 
- ~ 

Savannah River M Area 

1 Mound Area B Groundwater 

~ Savannah River F&H Area 

Savannah River Sanitary LandfiU 

QRM, WAG 6 

ORR: Pond Waste Management (xzs) 

Hanford NRDWL 

L W L  300 Bldg. 834 

LLNL 300 Pit 6 

Argonne West Liquid Waste Process 

Savannah River New TNX Basin 
ORR: Y12 Bldg. 9201-4 (Alpha 4)* 

ORR: Y12 Bear Creek OU4 

Sandia Livermore Fuel OiI Spill' 

Los Alarnos LAPRAE* 

Argonne East lsoo Area Landfill 

Areonne East 570 Holdina Pond 

? 
Mound MiamhErie Canal 

lity 

COST PER. FATALITY AVOIDED 

LESS THAN 10' 

COST PER FATALI'TY AVOIDED 

BETWEEN 10'-lO'J 

NO REDUCTION IN FATALITY 

* No predicted baseline population risk 
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Table 43@) Cost per Undiscounted Fatality Avoided 

Savannah River M Area COST PER FATALITY AVOIDED 

Mound Area B Oroundwater 

UMTRA: Rifle 

Savannah River F&H Area 

LESS TETAN 10' 

Savannah River Sanitary L a n a  

ORNL WAG 6 

ORR: Pond Waste Management (K25) 

Hanford NRDWL 

LLNL 300 Bldn. 834 COST PER FAT- AVOIDED 

LLM, 300 Pit 6 1 BETWEEN 10'-10" 

lJM73W Gunnison 

Argonne West Liquid Waste 

Argonne East 800 Area 

Savannah 'River New TNX 1 
Om. Y12 Bldg. 92014 (Alpha 4)* 

ORR Y12 Bear Creek OU4 _ _ ~  

NO REDUCTION IN FATALITY 

No predicted baseline population risk 
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Table 4 . 4 0 .  Time Discounted and Undiscounted Population Deaths 
and Average Individual Risk 
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TabIe 4.4@ Time Discounted and Undiscounted Population Deaths 
and Average Individual Risk 
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Table 4.4m. lime Discounted and Undiscounted Population Deaths 
and Average Individual Risk 
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Table 4 . 4 0 .  Time Discounted and Undiscounted Population Deaths 
and Average Individual Risk 
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A comparison of MEPAS risk estimates with other risk assessment results is contained 
within Table 4.5. Descriptions of each columa heading and values fkom Fernald FEW OUl are 
provided beIow. 

- Site: lzlis entry indicates the subproject at the installation under consideration. 

Constituent: This entry indicates the primary contaminant contxiiuting to risk for the 
subproject under consideration. Other contaminants may be present at the subproject site 
but they contni’ute Iess significant health risks. 

Exposure PathwaK This entry indicates the primary pathways of environmental transport 
and subsequent human exposure considered in the cornparison of MEPAS risk values with 
those of other risk assessments. For example, ground water ingestion, Swimming and 
inhalation exposure pathways were considered in both the MEPAS risk assessment and 
comparison risk assessment. 

Individual Risk The Individual Risk entry is subdivided into twa columns. The first 
column beneath the heading of Individual Risk lists MEPAS-generated risk values, which 
indicate the highest 70 year lifetime &k of cancer fatality to an individual within the 
modeled population under reasonable exposure conditions. The second column beneath 
the Individual Risk heading fists comparison risk values, which indicate the 70 year lifetime 
risk of cancer fatality as computed by a comparison risk assessment. 

Source: This entry provides the reference for the comparison risk assessment. 
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Table 4.51a) ComDarison of MEPAS Risk Estimates with other Risk Assessment Results 

n 1 OUl I U-238 1 Ground Water I 2 x  lo" I 2 . 5 ~  10' I RI, 1990 
Ingest ion I Swimmine 2 x 1 0 1  N/A 
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Table 4.5(b) Comparison of MEPAS Risk Estimates with other Risk Assessment Results 

Ground Water RI, 1990 

Environmental 
Information 
Dolrument 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 OVERVIEW 

OMB requested that DOE develop a risk- and cust-estimating process for subprojects 
within DOE’S ER Program. OMB requested tbe inclusion of 24 subprojects selected from a 
population of over 525 ER subprojects, approximately 350 of which are remedial or 
decontamination and decommissioning subprojects. For each subproject, tbe heaIth risk and cost 
of a no-action and three remedial alternatives were estimated. 

OMB requested that the study include subprojects in various stages of characterization 
and remediation, containing environmental and source term data of different levels of quality. 
Consequently, some of the 24 subprojects selected in this study were in the early stages of 
investigation and lacked a well defined scope of work for remedial action (e.g., identification of 
hazardous contaminants of concern, presence of radionuclides, quantity of hazardous materials, 
and selection of remedial technology). In these cases, the estimates were developed on the basis 
of assumptions that established scope. Consequently, the risk and cost estimates are subject to 
revision as additional information is identified that could eliminate the need for, or change the 
basis of assumptions. . 

The study predicts timediscounted baseline population risks ranging from zero to seven 
fatalities (over 7,000 years) per subproject within this 24 subproject analysis, with 83 percent of 
the sites having a predicted baseline population risk of less than one fatality. The predicted risk 
reduction achieved through remedial action varied considerably fiom complete reduction at some 
sites to a net increase in risk at others. The average cost of remedial action is predicted to be on 
the order of $100 million. As illustrated in Table 4.3(a), the predicted cost per discounted fatality 
avoided through remedial action is equal to or greater than $100 million at over half of the sites 
where remedial action reduces the number of predicted fatalities. 

The primary conclusion of the study, as detailed within the report’s tables and associated 
narrative, is that projected population and average individual risks over 7000 years from the 24 
subprojects are small. Furthermore, risks associated with remediation of the 24 subprojects are 
generally comparable to existing baseline levels of risk to the surrounding populations. Thus, in 
many cases, the number of deaths in the worker population involved in remedia1 action is 
projected within this pilot study to be q u a l  to or greater than the number of deaths avoided 
(through the implementation of currently available remedial alternatives) in the surrounding 
population over 7000 years. Another finding of the study is that worker risk associated with 
remediation results primarily from occupational accidents during the remediation process rather 
than from radiation exposures. These last two findings may not be generalIy applicable because of 
the pilot study’s small sample and restricted scope and the hitations of currently available 
remediation technology and information from site characterization. However, these findings alert 
DOE to the need to continue to carefully assess projected occupational risks of proposed 
remediation alternatives and take measures to reduce them. 

A significant weakness of ranking subprojects based on risk is the inability to measure the 
contribution of site characterization and assessment activities to achieving overall programmatic 
objectives. Since the ER program is currently expending the majority of its resources on site 
characterization and assessment and will continue to do SO for some the, the results of this study 
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are unlikely to play a si@cant role h h tu re  budget decision-making. Consequently, the results 
of this study may be useful for evaluating various funding profiles for projects in the cleanup 
phase, but provide little insight into the decision to fitnd assessment activities. 

Based on the results of the study, the follawing recommendations are made. 

5.2.1 Uncertainty 

The study found that estimata of risk are subject to significant uncertainty, and it is 
recommended that a sensitivity and uncertainty anaIysis be performed on the risk-based ranking 
produced for this study. A sensitivity analysis of MEPAS would be performed to identify model 
parameters that most affect estimates of risk; probability distributions would be developed for the 
most sensitive parameters. A statistical anaJysis would be performed using data from 6 to 3 
selected subprojects to determhe whether statistically significant Werences exist in the risk 
estimates p r o d u d  by MEPAS. 

5.22 Limitations of Risk Model 

MEPAS was selected as the most appropriate code to estimate risk for this study. The 
exposure assessment portions of MEPAS are based on models recommended by EPA and NRC 
and thus appears adequate for estimating environmental concentrations associated with 
environmental restoration problems. Tbere are two difficulties, however, associated with the 
application of MEPAS in this study. The first is the lack of adequate site characterization data at 
some sites, and the secund is that the MEPAS model is not directly designed to evaluate risk 
reduction associated with remediation. The second issue is addressed first. 

MEPAS cannot directly simulate certain remedial action alternatives, including capping 
and the pumping of ground water. This is the most serious deficiency of the current 
version of the model. Should MEPAS be used again for this type of analysis then it is 
recommended that the MEPAS model be modified to account for decreased in6ltration 
and decreased leaching rates that result from capping and the decrease in future ground 
water contaminant concentrations that result from remedial pumping of ground water. 

MEPAS does not adequately estimate environmental releases of contaminants from the 
waste units. For example, the model cannot calculate a contaminant leaching rate for the 
time period beyond the perid of use of the waste unit. Should MEPAS be used again 
for this type of analysis then it is recommended that the MEPAS code be modified in 
order to provide more realistic estimates of contaminant releases from waste units. 

In certain situations, MEPAS overestimates population risk MEPAS divides the modeIed 
population into a numkr of subpopdations that receive Weren t  exposures. For each 
subpopulation, MEPAS generates a maximum population rkk, not an average popdation 
risk Should MEPAS be used again for this type of anatySiS then it is recommended that 
MEPAS be modified to calculate average population risk 

MEPAS cannot simulate certain compficated contaminant transport pathways (e.g,, 
Surface Water -+ Overland Runoff -.Surface Water -c Ground Water). Should MEPAS 
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be used again for this type of analysis then it is recommended that MEPAS be modified to 
provide realistic simulations of all contaminant transport pathways encountered at DOE 
facilities. 

0 MEPAS cannot adequately descn‘be certain complex subsurface conditions. Should 
MEPAS be used again for this type of analysis then it is recommended that MEPAS be 
modified to descnbe perched and multiple aquifers that occur at DOE sites. 

In addition, the risk estimates for D&D subprojects in this study do not currently account 
for environmental impacts resulting from catastrophic accidents or hres. It is recommended that 
such events be considered in the estimation of D&D risks. 

5.23 Lack of Familiarity with Sites 

The lack of site familiarity and insufficient communication between risk assessors and site 
personnel have been identified as major causes of error using the MEPAS model, and a recent 
evaluation of the use of MEPAS (Shevenell and Hoffman 1991) indicated that the inconsistency 
of user assumptions is the predominate cause of risk estimate errors. If this type of analysis is 
conducted in the future, it is recommended that a risk assessment coordinating team (2-3 people) 
be established for each site that would visit the site and develop 8n interactive relationship with 
site personnel. The ongoing exchange of information between site officials and risk assessors 
would provide the risk assessors with the most accurate infomation regarding contaminant 
concentrations, contaminant transport, and proposed remedial alternatives. 

53 COST 

Existing cost and engineering data were used to the greatest extent possible, but the 
methodological framework specified by OMB required that all cost estimates be prepared and 
presented in a consistent manner. Many of the subprojects examined in this study did not yet 
have estimates of cleanup cost and this required the development of completely new cost 
estimates. Ln other cases, Field Office estimates were reformatted to achieve the degree of 
consistency required for this study. Both the cost data and the cost estimates provided by the 
Field Offices lacked consistency in areas such as material cost, indirect cost, and contingency. 
DOE’S Office of Environmental Restoration has conducted self assessments and knows that 
improved costestimate consistency will only be achieved through a combination of clear, detailed 
guidance and appropriate tools and methods with which to implement the guidance. The ER 
Program’s existing cost-estidating guidance incorporates the experience of these self assessments, 
as well as the lessons learned in this study. Many cast-timating challenges that existed at the 
time of the 1991 Program Cost Review have been addressed, and detailed direction has been 
provided to define the preferred approaches to cost estimating for application by the Field 
Offices. Additionally, DOES costestimating guidelines establish the minimum level of detail 
required at each stage of project development beginning in assessment and continuing into 
cleanup. This approach not only achieves the objective of impruvd consistency, but also 
minimizes the impact on the field by placing aII cust-estimating requirements in a single directive 
within the established iine management organization. 
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53.1 Improved Cost-estimating Methods 

This study selected a detailed m t - c r t h a t h g  mode1 because of its ability to accommodate 
a wide range of data representing different locations, varying contaminants, and a wide range of 
remedial techologies. The goal of improved estimate consistency and traceability can be 
enhanced through the development of took and methods that allow cost estimators to organize 
and present their data without sacrifjchg accuracy. Additionally, these tools sbodd be suitable 
for all types of estimates ranging from precooceptual to definitive in the level of detail to be used 
in projects from the planning phase to the exemtion phase. The COSTPRO system used for this 
study includes the following features that all coatri’bute to its utitity for DOE environmental cost 
estimates: 

uses a multipk a t t n h t e  coding system to report costs in multiple formats such as the 
WBS, the Code of Accounts, and the B&R code; 

builds a custom unit cost data base and acmsses commercially available data bases such as 
M-CACES; 

prepares detaiIed and summary reporti quickly and in a wide range of formats; and 

0 is already in wide use throughout DOE. 
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